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CoNQREss OP THE Unitkd STATES, Is THE House of Repbbsentative8, 

FOKTY-FIEST COXORSSe, SECOND SKSSION, July 12, 1870. 

Setolved by tilt BouMo/BepTttentatiiiei,(_lheSeHaieeoiiourring,')Tt^t tea thousand addi- 
tional copies of the Report of the SmitbaoDian loetitntion for the year I8G9 be priut^td, 
three thoasand of which ahall be for the use of the Senate, fonr thousand for the nee 
of the HoDSO, aud three thoasand for the use of the InBtitntion : Protnded, That the 
aggrogiite unmbcr of pages of said report shall not exceed four hundred and fifty, aud 
thnt there shaU be no illustrations except thoeo fnniishod by the Smithsonian Insti- 
tution. 

On the 13th nt July, 1S70, a measage wa« received from the Sonato, by Mr. Gorfaani, 
its Secretary, notifying the House that the Senate had agreed to the said reaohitiou 
^'itbout amendment. 

Attest : EDW. McPHEESON, derk. 

P« GEO. FB8. DAWSON, AamUmt CUrk. 



CONORESS OF THB UNITBP StATEB, IN TUB HOUSE OV RBPRBSBNTATIVKfl, 

FoRTV-SECOND CoKORKBH, SECOND Session, May 29, It^S. 
The followiDg resolution, originating iu the House of Represent ativcs ou the 23d 
instant, has this day been concurred in by the Senate: 

Seeolred, {the Senate ameun-iiig,) That two thousand extra copies each of the reports 
of the Smitlisoniau Institiition, of which the alereolype- plates are now in Ihu Coii- 
gressiouul Print ing-Ofllcc, be printed for distribution by llio Suiithsoniou Institution 
to libraries, collegc-s, and public ^tablishnionts. 
Attest: EDW. McPHEBSON, 

Clerk. 
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LETTEE 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 

The annual report of ike Smitkioitian Imtitution for the year 1869. 



SuiTHsONiAN Institution, 

Waahington, March 1, 1870. 
But : In behalf of the Board of Itegents, I have the honor to submit 
to the Congress of the United States the annual report of the operationa, 
expenditores, and condition of the Smithsonian Institntion for the year 
18ti9. 

I have the honor to be, very respectfully, yoiir obedient servant, 
JOSEPH HENBY, 
Secretary Smithsonian Institution. 
Hon. S. Colfax, 

President of the Senate. 
Hon. J. O. Blaine, 

Weaker of the Mouse of Sepresentatives. 
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ANNUAL BEPOliT OP THE SMITHSONIAN INSTITUTION FOR 1869. 



This docameat contains: 1. The programme of organization of the 
Smithsonian Institution. 2. The aaDnal report of the secretory, giving 
an uccoaut of the operations and condition of the establishment for the 
year 1869, with the statistics of collections, exchanges, meteorology, &c. 

3. The report of the execntive committee, exhibiting the financial affairs 
of the Institntion, inclnding a statement of the Smithsou fund, the re- 
ceipts and expenditores for the year 1809, and the estimates for 1870. 

4. The proceedings of the Board of Begents. 5. A general appendix, 
consisting principally of reports of lectores, translations from forcing 
journals of articles not generally accessible, but of interest to meteorol- 
ogists, correspondents of the lostitntaon, teachers, and others interested 
in the promotion of knowledge. 
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THE SMITHSONIAN INSTITUTIOX. 



IXTSSES 8. GRANT Preddent of the United States, « o.jleia Prraiding Officer of 

the Inatitntien. 
SALMON P. CHASE Chief Justice of the United States, Chwcellor of the Insti- 

tation, President of the Board of He^nts. 
JOSEPH HEXBY Secretary (or Director) of the InHtitntion. 



EEGENTS OF THE INSTITUTION. 



8. P. CHASE Chief Justice of the United States, Fraidait of Ot Board. 

8. CObFAX Tice-Prendent of the United States. 

S. J. BOWEN Mayor of the Cit; of Washington. 

L.' TRUMBULL Member of the Senate of the United States. 

GARRETT DATIS Member of the Senate of the United States. 

H. HAMLIN Member of the Senate of the United HtatM. 

J. A. GARFIELD Member of the Honse of Representatives. 

L. P. POLAND Member of the House of RepreseotatiTes. 

S. S. COX Member of the Hoiue of RepreaentatiTM. 

W. B, ASTOR Citizen of New Tork. 

T- D. WOOL8ET Citizen of Connecticnt. 

U AGASSIZ Citizen of Hassacbnsetts. 

RICHARD DELAFI£LD...Citizenof WashiDg:toD.^ 

PETER PARKER Citizen of Washington, i EXECCnvB COimrnxK. 

JOHN MACLEAN Citizen of New Jereey.J 



MEMBESS EX OFFICIO OF THE INSTITUTION. 



U. 8. GRANT President of the United States. 

8. COLFAX Tice-President of the United States. 

S. P. CHASE Chief Justice of the United States. 

B. FISH Secretory of State. 

G. a BOUTWELL Secretary of the Treasnrf. 

W. W. BELKNAP Secretary of War. 

G. M. ROBESON Secretary of the Navy. 

J. A.J. CRESWELL Postmaster General. 

J. D. COX Secretary of the Interior. 

E. R. HOAB Attorney GeoeiaL 

8. 8. FISHER Commissioner of Patents. 

8. J. BOWEN Mayor of the City of WaahingtMip ,.,.dbv OoOQ Ic 



EXE(^TIVE OFFICERS OF THE INSTITUTION. 



JOSEPH HENKT, Seceetaet, 
Director of the Institution. 



8PBN0EE F. BAIED, Assistant Seceetaet, 
in charge of Museum^ Ejichanges, «fcc, 



WILLIAM J. RIIEES, CniEP Clerk, 
In charge of Accounts, Printing, and General Bminesu 



DAKIEL LEECH, Clerk, 
In charge of Correspondence. 



HENRY M. BANNISTER, Cleek, 
In charge of Meteorology. 



JANE A. TURNER, Clerk, 
In charge of Records of International Exchanges. 



SOLOMON G. BROWN, Clerk, 
In charge of Transportation. 



JOSEPH HEKRON, 
Janitor of the Museum. 
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PROGRAMME OF ORGANIZATION 
SMITHSONIAN INSTITUTION. 



INTEODUCTION. 



Qmeral co7iaiderati(m8 ickich should serve as a guide in adopting a Plan 
of Offfanization. 

1. Will of Smitosoit. The property is bequeathed to the United 
States of America, " to fouod at Washington, under the name of the 
Smithsonian Institution, an establishment for the increase and diffu- 
sion of knowledge among men." 

2. The bequest is for the benefit of mankind. The Government of 
the United States is merely a trustee to cany out the design of the 
testator, 

3. The Institution is not a national establishment, as is frequently 
supposed, but the establishment of an individual, and is to bear and 
per|)etuate his name. 

4. The objects of the Institution are, 1st, to increafo, and, 2d, to 
diffuse knowledge among men. 

5. These two objects should not be confouudcd with one another. 
The first is to enlarge the existing stock of knowledge by the addition 
of new truths; and the secouci, to disseminate knowledge, thus increased, 
among men. 

6. The will makes no restriction in favor of any particular kind of 
knowledge : hence all branches are entitled to a share of attention. 

7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new truths; and can be most exten- 
sively diffused among men by means of the press. 

8. To effect the greatest amount of good, the organization should be 
sncli as to enable the Institution to produce results, in the way of in- 
creasing and diffusing knowledge, which cannot be prodaced either at 
all or 80 efticiently by the existing institutions in our country. 

9. The organization should also be such as can be adopted provis- 
ionally; can be easily reduced to practice; receive modilications, or 
be abandoned, in whole or in part, without a sacrifice of the funds. 

10. In order to compensate in some measure for the loss of time 
occasioned by the delay of eight years in establishing the Institution, 
a considerable portion of the interest which has accrued should be addetl 
to the principal. 

11. In proportion to tJie wide field of knowledge to be cultivated, the 
funds are. small. Economy should, therefore, be consulted in the con- 
struction of the building; and not only the first cost of the edifice should 
be considered, but also the contiuoal expeuse of keeping it in repair, 
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and of tbe support of the establisbmont necessarily connected with it. 
There shonld also be but tew Individuals permauentlj- supported by the 
Institution. 

12. The plan and dimensions of tbe building sboald be determined by 
the plan of the organization, and not tbe converse. 

13. It should be recollected that mankind in general are to be bene- 
fited by the bequest, and that, therefore, all nnneceasary espeuditure 
on local objects would be a perversion of the trust. 

14. Besides the foregoing considerations, deduced immediately ftx)m 
tbe will of SmithsoD, regard must be had to certain requirements of tbe 
act of Congress establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to con- 
tain them. 

SECTION I. 

Plan of organixation of the Ijistitittion in accordance with &e foregoing 
deductions from the icitl of Smithson. 

TOINCBBASE KHOWI.EDGE. It tS proposed— 

1. To stimulate men of talent to make original researches, by offering 
suitable rewards for memoirs containing new truths ; and, 

2. To appropriate annually a portion of the income for particular re- 
searches, under the direction of suitable persons. 

To DIFFUSE KsowLEDGE. It is proposed — 

1. To publish a series of periodical reports on the progress of tbe dif- 
ferent branches of knowledge; and, 
. 2. To publish occasionally separate treatises on subjects of general 
interest 

DETAILS OF THE PLAN TO INCEEA3E KNOWLEDGE. 

I. By stimulating researches. 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. 

2. Tbe memoirs thus obtained to be published in a series of volumes, 
in a quarto form, and entitled Smithsonian Contributions to Knowledge. 

3. No memoir on subjects of physical science^to be accepted for pub- 
lication which does not furnish a positive addiOon to human knowledge, 
resting on original research; and all unverified speculations to bo re- 
jected. 

4. Each memoir presented to tbe Institution to be submitted for 
examination to a commission of persons of reputation for learning in tbe 
branch to which the memoir pertains ; and to be accepted for publica- 
tion only in case the report of this commission is favorable. 

5. The eommission to be chosen by tbe officers of the Institution, and 
the name of the author, as far as practicable, concealed, unless a favor- 
able decision is made. 

6. The volumes of the memoirs to he exchanged for tbe transactions 
of literary and scientific societies, and copies to be given to all the col- 
leges and principal libraries in this country. One part of the remain- 
ing copies may he offered for sale, and the other carefully preserved, 
to form complete sets of tbe work, to supply tbe demand from new insti- 
tutions. 

7. An abstract, or popular account, of tbe contents of these memoirs 
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to be given to the public through the atmiial report of the Regents to 
Congress. 

IL By appropriating a part (ff the income, annually, to special objects 
of research, under the direction of suitable persons. 

1. The objects and the amonut appropriated, to be recommenclcd by 
connaellors of the Institution. 

2. Appropriations in di&^rent years to different objects^ so that in 
course of time each branch of knowledge may receive a share. 

3. The results obtained from these appropriations to be published, 
vitb the memqirs before tnentioned, iu the volumes of the Ei^mittisoiiiau 
Contributions to Knowledge. 

4. Examples of objects for which appropriations may be m,ide. 

(1.) System of extended meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, mag- 
netical, and toi>ographical surveys, to collect materials fur the formation 
of a Physical Atlas of the United States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and of 
light; chemical analyses of soils and plants; collection and publication 
of scientific facts accumulated in the offices of government. 

(4.) Institution of statistical inquiries with reference to physical, 
moral, and political subjects. 

(5.) Historical researches, and accurate surveys of places celebrated 
in American history. 

(C.) Ktliuological researches, particularly with reference to the dif- 
ferent races of men in I^orth America ; also, explorations and accurate 
surveys of the monuds and other remains of the ancient people of our 
country. . 

DETAILS OP THE PLAN FOE DIFFDSINO KNOWLEDGE. 

L By the pubHcation of a series of reports, giving an accouat of the new 
discoveries in science, and of the changes made from year to year in alt 
branches of knowledge not strictly professional. 

1. These reports will diffuse a kind of knowledge generally interest- 
ing, but which, at present, is inaccessible to the public. Some of the 
reports may be published annually, others at longer intervals, as the 
income of the Institution or the changes in the branches of knowledge 
may indicate. 

2. The reports are to be prepared by collaborators eminent in the dif- 
ferent branches of knowledge. 

3. Each collaborator to be furnished with the journals and publican 
tions, domestic and foreign, necessary to the compilation of his report j 
to be paid a certain sum for bis labors, and to be named on the title- 
page of the re|)ort. 

4. The reports to be published in separate parts, so that persons inter- 
ested in a particular branch can procure the parts relating to it without 
purchasing the whole. 

5. These reports may be presented to Congress, for partial distribu- 
tion, the remaining copies to bo given to literary and scientific institu- 
tions, and sold to individuals for a moderate price. 

The following are some of the subjects which may be embraced in the 
reports :• 

' This part of the plftu boabeeobut partially carried out. - lOOQIC 
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I. PHYSICAL CLASS. 

1. Physics, JDcludiug astronomy, natural philosophy, chemistrj', and 
meteorology. - 

2. Natural history, iocludiug botany; zoology, geology, &c. 

3. Agriculture. 

4. Application of science to arts. 

n. MOBAL AND POLITICAL CLASS. 

5. Ethnology, including particular history, comparative philology, 
antiquities, &c. 

6. Sta.tistic3 and political economy. 

7. Mental and moral jthilosophy. 

8. A survey of the political events of the world ; penal reform, &c. 

III. LITEBATUBE AHH THE FINE ABTS. 

9. Modem literature. 

10. The flue arts, and their application to the useful arts. 

11. Bibliography. 

13. Obituary notices of distiuguished individuals. 

II. Btf the publication of separate treatises on xubjects of general interest. 

1. These treatises may occasionally consist of valuable memoirs 
translated from foreign languages, or of articles prepared under the 
direction of the Institution, or procured by offering premiums for the 
best exposition of a given subject. 

2. The treatises should, in all cases, be submitted to a commission of 
competent judges, previous to their publication. 

3. As examples of these treatises, expositions may be obtained of the 
present state of the several branches of knowledge mentioned in the 
table of reports. 

SECTION ir. 

Flan of organization, in accordance tcifh the terms of the resolutions of the 
Board of Regents providing for tlw ttco modes of increasing and diffusing 
knowledge. 

1. The act of Congress establishing the Institution contemplated the- 
formation of a library and a museum j and the Board of licgents, in- 
cluding these objects in the iilan of organization, resolved to divide the 
income" into two equal parts. 

2. One part to be appropriated to increase and diffuse knowledge by 
means of publications and researches, agreeably to the scheme before 
given. The other part to be appropriated to the formation of a library 
and a collection of objects of nature and of art. 

3. These two plana are not incompatible with one another. 

4. To carry out the plan before described, a librarj' will be required, 
consisting, Ist, of ncoinplete collection of the transactions and proceed- 
ings of all the learned societies in the world ; 2d, ef the more important 
current periodical publications, and other works necessary in preparing 
the periodical reports. 

'Tbeamoiuitof the HmithsoniaD beqaeet received Into tbe Treasury of tbe 

Uuited States is ^15,169 00 

iDlerest i>ti the same to July 1, 164G, (devoted to tbe erectiou uf the building) i!13, 129 00 
Annual incomo from tbe lK^que8t 30,010 14 
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5. The InstitntioD sbould make special collections, particalarl; of 
objects to illustrate and verify its own publications. 

6. Also, ii collection of instraments of research in all branches of ex- 
perimental science. 

7. With reference to the collection of boohs, other than those men- 
tioned above, catalogues of all the different libraries iu the United 
States should be procured, in order that the valuable books first pur- 
chased may be such as are not to be found iu the United States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the lustitution aceut«r of bibliograph- 
ical knowledge, whence the student may be directed to any work which 
he may require. 

9. It is believed that the collections in natural history will iacrease 
by donation as rapidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary to 
purchase articles of tliis kind. 

10. Attempts should be made to procure for the gallery of art casts 
of the most celebrated articles of ancient and modern scidpture. 

11. The arts may be encouraged by providing a room, tree of ex- 
pense, for the exhibition of the objects of the Art-Uuiou and other 
similar societies. 

12. A small appropriation should annually be made for models of an- 
tiquities, such as those of the remains of ancient tenijiles, &c. 

13. For the present, or until the building is fully completed, besides 
the Secretary, no permanent assistant will be required, except one, to 
act as librarian. 

14. The Secretary, by the law of Congress, is alone responsible to 
the Begents. He shall take charge of the building and property, keep 
a record of proceedings, discbarge the duties of librarian and keeper of 
the museum, and may, with the eousent of the Regents, employ as«isfant«. 

15. The Secretary and his assistants, during the session of Congress, 
will be required to illustrate new discoveries iu science, and to exhibit 
new objects of art-. Distinguished individuals should also be invited to 
give lectures on subjects of general interest. 



This programme, which was at first adopted provisionally, has be- 
come the settled policy of the Institution. The only material change 
is that expressed by the following resolutions, adopted January 15, 
1855, viz: 

Besotved, That the 7th resolution passed by the Board of Regents, 
on the 2Ctli of Jaunary, 11^47, requiring an equal division of the income 
between the active operations and the museum and library, when the 
buildings are completed, be, and it is hereby, repealed. 

Resolved, That hereafter the aunual appropriations shall be appor- 
tioned specifically among the different objects and operations of the 
Institution, in such manner as may, in the judgment of the Regents, be 
necessary and proper for each, according to its intrinsic importance and 
a compliance in good faith with the law. 
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PROFESSOR HENRY, SECRETARY OF THE SMITHSOKIAN INSTITUTION, 
1869. 



To the Board of RegenU : 

Gentlemen : The Institation intraated to yonr gnardiansbip by tbe 
CongreGS of the United States, has, duriog the past year, continued its 
operations in the line of increasing and diffusing knowledge with una- 
bated energy. The sphere of its indneace in this conntry and abroad 
has from the first been constantly on tbe increase, and it is now not too 
ranch to say that no institution founded by tbe liberality of a private 
individual ever attained a wider or more favorable repntattoD. It is 
true, its character is sometimes misunderstood, but this cannot be a 
matter of surprise when we reflect that it differs in many particulars 
fh>m all other institutions, and that without an attentive perusal of the 
annual reports, no adequate idea can be obtained of its varied field of 
labor, or of what it has done and is doing to promote the special objects 
denoted in tbe will of its founder. It Is here sufficient to mention that, 
besides adding to tbe sum of human knowledge by its own operations, 
and connecting its nain& with the history of almost every branch of 
science, it has become the general agent through which the intellectual 
labors of tbe eastern and western hemispheres are brought into efflcieot 
cooperation. Tbe importance of Its labors and the Infiuence of tbe 
international communicatioa which it has esteblished, can only be pro- 
perly estimated by those who are acquainted with the distinctive (diar- 
acteristics of modem civilization, and who realize tbe foot that it 
mainly /ests on the development of a knowledge of, the laws of nature 
and the application of these laws to the nses of life. Science not only 
gives man control over the physical elements, and thus tends to eman- 
cipate him ftt>m tbe cnrse of brute labor, but also serves to widen the 
domain of bis intellectual activities and enlarge the sphere of his moral 
sympathies. By an attentive perusal of tbe followiug report, I think it 
will be admitted by all who are competent to form a proper opinion on 
the subject, that what I have claimed for the Institution is not too 
much, and that any departure from the general policy which has been 
coDstantly pursued from the beginning, would be attended with unfortu- 
nate consequences. 

Finances. — At the last session of the Board it was resolved that a 
memorial be presented to Congress, setting forth the large expendi|- , 
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t«re to which the lustitution had been subjected by reason of the ao- 
commodatioii and maintenance of the National Musenm, and asking 
that the nsaal appropriation of $4,000 that bo^l been made on this 
account bo increased to $10,000 ; also, that $25,000 ba appropriated 
toward fitting up the large room in the second story of the main build- 
ing, for the better exhibition of the government collectiona lu accord- 
ance with this resolution a petition was prepared, signed by the Chan- 
cellor and Secretary of the Institution, and presented to the House of 
Bepreseutatives by General Garfield, one of the Regents. It was re- 
ferred to the Committee on Appropriations, and althongh forcibly ad- 
vocated by the members of the Board belonging to the House, it was not 
granted, and only the nsaal sum was appropriated. The same memo- 
rial has, through the Secretary of the interior, again been presented to 
Congress. The rousonableness of this petition must be manifest when 
it is considered that $4,000 is the sum which the maiutenance of the 
museum cost the government when it was in charge of the Patent Office, 
and that since its removal to the Institution it has increased to three 
times its original size, while the mouey has depreciated to one-half its 
former value. From an accurate analysis of the accounts it appears 
that the items directly chargeable to the mii.seum during the past year 
amount to $15,000. This sum is exclusive of the Interest on $144,000, 
which has been expended since the fire in the restoration of the build- 
ing, principally for the accommodations for the museum. Owing to the 
fall in the premium on gold, and the non-payment of interest by the 
State of Tirginia on bonds held by the Institution, the income during 
the past year has been less than the estimate by upward of $2,400. It 
has, therefore, been necessary to diminish expenditures in certain direc- 
tions, in order to carry out the plan of accumulating a sufScient surplus 
in the treasury at the beginning of the year to defray, in cash, as far as 
imssible, all the current expenses. From the report of the Executive 
Committee it will be seen that this plan has been rigorously carried ont ; 
that the balance on hand at the beginning of 1870 was nearly $21,000, 
with outstanding bills of $3,000, which is about the amountof indebted- 
ness at the commencement of last year. The finances of the Institution 
may, therefore, be exhibited as follows : 
The whole bequest of Smithson in the United States Treas- 
ury $541,379 63 

Additions ttom savings, &c., also in the United States 

Treasury 108, 620 37 

Virginia State stock, ($72,760,) valued at 42, 200 80 

Cash on hand 20, 969 65 

Total 713, 170 45 

Deduct bills due, (about) 2, 909 65 

Which leaves, as the present capital 710, 200 80 
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The iocome fix>m the Smithsoo fund during the year 1869, iDcIuaing 
the premium on gold, was t49,515. 

Id a late report from the Treasury Department, giving a list of the 
appropriations of Congress for the District of Columbia, a large amount 
is put down to the Smithsonian Institution. Tbis statement, without 
explanation, would give an erroneous impression. From the organiza- 
tion of the Institution to the present time it cannot proj)erly be said 
that the government has appropriated a single dollar from the public 
treasury for the Institution. The principal "appropriations" mentioned 
in the report in question were not from the public money, but from the 
Smithson fond deposited in the Treasury of tlie United States. Ttie only 
appropriation from the national treasury which might ap|>ear to be for 
the benefit of the Institution, is' that of $4,000, annually made for the 
care and exhibition of the Gorerumeut Museum, and, also, at one time 
$10,000, and at another $4,000, to erect cases for the better preservation 
of the specimens; and even in these instances, as has been shown, the 
Institution was far from being reimbursed for the actiial expenditure on 
the care of the museum. 

CooPEEATioM WITH GoTEBiraiENT Depabtments.— It Las always 
beeu a prominent feature in the itolicy of the Institution to act iu unison 
with other institutions, and especially to cooperate with the several 
departments and bureaus of the general government iu all cases in 
which their respective functions would admit of such cooperation. 
It is in accordance with this policy that the extensive and rapidly 
increasing library of the Institution has been incorporated with that of 
Congress, and that a similar arrangement, mentioned in the last report, 
for transferring to the Department of AgricultOre the large Smithsonian 
herbarium, has been completed. It is also in accordance with this policy 
that an arrangement has been made with Surgeon General Barnes by 
which all the crania and other of the osteological specimens of the In-, 
stitution have been transferred to the Army Medical Museum. 

These cooperations, while they relieve the Institution A-om the expend- 
iture of more than $10,000 annually, and thus enable it to more vigor- 
oasly prosecute its researches, to publish a larger number of contribu- 
tions, and to extend its system of iutemational exchanges, tend also to 
increase the amount of scientific material in the capital of the United 
States, as well as to facilitate its employment in the advance and diffu- 
sion of knowledge. 

This Institution and its collaborators have the use not only of its 
books deposited in the Capitol, but also that of those in the National 
Library, as may be seen by the terms of the deposit given in a previous 
report. Also, agreeably to the terms upon which the plants were trans- 
ferred, they are accessible to the pubhc for practical or educational 
purposes, and to the Institution for scientific investigation. Further- 
more, a botanist approved by the Inatitntion has been api>oint^,^^> 
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is to have charge of the epecimem and be ready at all tiroes to give 
botanical information that may be required by the general public or by 
the Smithsonian correspondents. Moreover, in retnrn for the specimens 
tranid'erred to tbe Medical Mnsenm the Institntion receives from the 
officers of the army all collections made in ethnology and in special 
branches of aataral history. 

Publications. — The pablications of the Institntion form on essential 
part of its operations and constilute tbe principal basis of the great sys- 
tem of Smithsonian international exchanges. As has hevn frequently 
stated in previous reports, they are of three classes : the Contributions 
to Knuwledge, the Miscellaneous (JoUections, and tbe Annual Reporta. 
The first consist of memoirs containing positive additions to science 
resting on original research, and which arc, principally, the result of 
investigations to which the Institution hns in some way rendered assist- 
ance. The Miscellaneous Collections arc chiefly composed of works 
intended to facilitate the study of ethnology, natural history, and mete- 
OTOlogy. Tliuy are designed to facilitate the progress of those who en- 
gage ins|>ecialstudies, to which, in their leisure moments, tlieir thoughts 
may recur, and in connection with which, while contributing ro their 
own i)leusurc, they may advance the cause of science. The Annual 
Keports, besides giving an account of the operations of the Institution, 
fnrnish, in an appendix, matter of importance to the meteorological 
observer and of interest to the general public. The Contributions and 
Miseellaiteous Collections are published at the expense of the Smithsoii 
fund, while the Eeports, with the exception of the illustrations, are 
printed by the government. 

The following is a list of the quarto publications that have been 
printed during the present year: 

1. On the Uray Substance of the Medulla Oblongata and Tmitezium. 
fiy John Dean, M. D. 

2. On the Orbit and Phenomeua of a Meteoric Fire-ball, seen July 20, 
1800. By Professor J. H. Coffin, LL.D. 

3. Oil the Transatlantic Longitude. ' By BeiyamiD A. Gould. 

4. T)ie Indians of Cape Flattery, at the Entrance of the Strait of Faca, 
Wafthington Territory. By J. G. Swan. 

5. Systems of Consanguinity and Affinity of the Human Family. By 
X^ewis H. Morgan. 

6. On the (iliddon Mummy Case in the Museum of the Smithsonian 
Institution. By Chas. Pickering. 

7. A new edition of Brewer's North American Oology. 

Of these Nos. 1 to 0, together with Hildreth's and Cleveland's Meteor- 
ological Observations, previously described, form tlie ICth volume of 
Smithsonian Contributions to Knowledge, which will be distiibuted to 
the foreign correspondents of the Institntion in the next invoice, and, 
as soon as an additional number can be- bound, to the public iuetitutious 
oflUis countiv. 
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The following are the titles of tlie articles of the octavo series that have 
been printed during the year, or are now iu press ; 

1. Land and Fresh Water Shells of North America. Part I. By W. 
G. Binney and T. Bland. 

2. Photographic Portraite of Morth American Indians in the Gallery 
of the Smithsonian Institution. 

3. List of Foreign Correspondents of the Smithsonian InstitatJon. 
Kew aod enlarged edition. 

1. Directions for Collecting, Preserving and Transporting Specimens 
of Natural History. Prepared for the use of the Smithsonian Institu- 
tion. (New edition.) 

5. Tables, Meteorological and Physical, prepared for the Smithsonian 
Institution. By A. Guyot, P. T)., LL. D. (New edition.) 

6. Circular in Beference to the Degrees of Belationship among Differ- 
ent Nations. (New edition.) 

At the request of the Institution the preparation of the Manuid of the 
Land and Fresh Water Shells of North America was undertaken by W. 
G. Binney. Tlio second and third parts of this work were published 
some years ago, and have been described in previous reports. The 
first part, which completes the work, was issued during the year 
1869, and forms by itself a volume of 328 pages, illostrated with many 
woodcuts. The work was at first undertaken by Mr. Binney alone, but 
he afterward, in this part, associated with himself Mr. Thomas Bland, of 
New York. It contains a description of all the species of land shells 
known iu January 1368, within the geographical limits of North Amer- 
ica, from the extreme North to the Eio Grande and Mazatlan. It is con- 
sidered a valuable contribution to the study of eonchology and is in 
great demand among those interested in the pursuit of this branch of 
natural history. 

Prom the stereotype plat«s of these octavo works, from which impres- 
sions have been printed and separately distributed in pamphlet form, two 
additional volumes of the Miscellaneous Collections have been made up, 
and are nearly ready for distribution. 

On accoimt of the great outlay for the building during the lost few 
years, the appropriations for publications have been restricted ; yet from ' 
the foregoing it will be seen that we shall be able to distribute in our 
next foreign invoice one quarto and two octavo volumes, which, with 
the Annual Report, will make four volumes of publications issued dur- 
ing 1869. 

A brief account has been given in previous reports of the contents of 
all the papers forming the 16th volume of Contributions, excepting the 
Giiddon Mammy Case, the Indians of Cape Flattery, and the Trans- 
atlantic Longitude. 

The first of these is by Dr. Charles Pickering, of Boston, one of the 
ethnologists of the United States ExplOriug Expedition, under Admiral 
Wilkes. It relates to an interesting specimeu of Egyptian archaeology 
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presented, in 1S42, by Mr. Gliddon, the Sgyittologiet, to the natiwal 
collection now in charge of the Smithsonian lastitution, but at that time 
in the United States Patent Office. It consists of a part of the lid of 
a mummy ease procured at Sacara from an Arab. It does not bear any 
inscription by which its date can be determined, but it is supposed by Dr. 
Pickering to belong to a very early period, and to be iuoong the oldest^— 
if not the very oldeat — of epecimeoa of hieroglyphic writing known. 
The earliest writing, of ascertained date, was executed in the third dy- 
nasty from 3110 to 3080, B. C. ; but, accotiWng to Dr. Pickering, the 
writings on the mummy case in the Institution are of a style difierent 
ffom, and clearly anterior to, that executed in the third dynasty. To- 
WMd the beginning of this eni, on the authority of Mauetho, writing 
was improved, and as all improvements of this kind have tended in the 
direction of an increased facility, this mummy case at least seems to 
have preceded such a change. The lid was divided by Mr, Gliddon into 
three parts ; the first part is the one just described, the second was pre- 
sented to the N^aval Lyceum of Brooklyn, the third to Mrs. Ward, of 
New York. Diligent though unsuccessful inquiry has been made for4he 
missing parts, in order to have them also figured and describetl ; and 
now, through this report, attention is again called to the subject, with 
the hope that if the other portions of the lid are still in existence, in- 
formatiou of the fact may be communicated to the Institution. The 
part of the lid above described is represented on a large plate which 
presents a fac-simile of the figures as to size and color. 

The second undescril>ed paper is that on the Indians of Cape Flattery, 
which, there is no doubt, will be considered an interesting contribution 
to ethnology. It was prepared, at the request of the Institution, by Mr. 
James G. Swan, an agent of the United States government, who had 
long I'esidcd with the tribe of which he has given an account. This 
tribe occupies the extreme northwestern part of Washington Territory, 
opposite Vancouver's Island, from which it is separated by the Strait of 
Fuca. The paper contains a full account of the manners and customs 
of these Indians, and a description of their implements, utensils, cloth- 
ing, modes of travel, fashion of constructing houses, &c. It also gives 
a minute account of the festivals and ceremonies of these Indians, and 
of the various myths with which these arc connected. Among other 
singular superstitions is that of tbe resurrection, as it were, of the flesh 
of the body but not of the bones, which ate left in tbe graves; that' 
the spirit world is in the center of tbe earth, where the inhabitants are 
somewhat incommoded by the want of tbe osseous part of their bodies. 
The memoir is illustrated by a large number of woodcuts, most of them 
copied from specimens now in the mnseam of the Institution. In the 
absence of tbe author of the work it was edited by George Gibbs, esq., 
who baa added occasional notes, and also a vocabulary of tbe Makah 
tribe, furnished by Mr. Swan. 

The third memoir to be described is the rq;>ort of Dr. B. A. Gould on 
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tlie TraTisatlantic Longitade. The principal resnita of this investigatioD 
were commanicated by Dr. Gould to the meeting of the National 
Academy of Sciences, during its session in IS07, and the report in full 
was jtresented to the Institution for publication, with the consent of the 
Superintendent of the Coast Survey, Professor Peirce, in February 
1869. It relates to the determination of the difference of longitude 
between England and America, by means of the electro-magnetic tele- 
graph. This method was first practically applied in the Coast Survey 
of the United States, between places in this country, and received its 
fall development in this great national work before it began to be used 
elsewhere. Previous to the introduction of this method, three others 
bad been employed on the Survey. First, that of observations of the 
time of the culmination of the moon at the two places between which 
the difference of lonffitude, or, in other words, of time, was to be deter- 
mined ; second, that of observing the times of beginning and endiug of 
eclipses of the sun aud of occnitations of known stars by the passage 
over them of the moon ; and third, that of transporting a large number 
of chronometers between England and America a number of times in 
succession and obtaining the average difference of time as indicated by 
the whole series. The determinations of the transatlantic longitude 
which have been obtained by these methods have been generally re- 
ferred to the Capitol at Washington and the Observatory at Greenwich, 
England, as standard points. From the several methods jnst men- 
tioned, and also ft^m that of the electro-magnetic telegraph, the fol- 
lowing results have been obtained : 
From eclipses and occnitations the difference in time 
between the dome of the Capitol and the Greenwich 

Observatory is S*" 8" 14'.86 

From moon culminations the difference is S"* 8" 10M2 

From the truisportation of chronometers the difference 

is 5" 8° 12'.30 

From the transmission of electricity through the cable, 
and the use of the electro-magnetic telegraph, the dif- 
ference was found tobe 5* 8" 12".45 

By the last method the difference of time between the ends of the 
cable was probably det«rmine<l within the fraction of a second, but as 
the signals could not be sent directly between Greenwich and Washing- 
ton, a somewhat greater departure from the actnal difference must be 
allowed. This difference is, however, very small, not exceeding, per- 
haps, a single second. 

The process of asoertainirig the difference of time, or in other words, 
the difference of longitude of two points, by means of tbe telegraph, 
consists in transmitting a series of signals either way through (he con- 
ductor, and in observing tbe exact time of the appearance of the signal 
at one station, while its time of starting is registered at the other. If 
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the transmission of the Bigaat were instautaneoiiB, the difference of time 
observed would be the exact difference of tongitade ; but if any time 
elapses between the making of the signal at ODe statiou ^id its appear- 
ance at the other, the difference of time will be greater than the true 
time when the signal is seut eastward, and less thau it when sent west- 
ward. If tbe velocity of transmission be the same in both directions, 
the true difference of longitude will be obtained by taking the mean of 
two sets of differences, tbe one gi\'ing the longitude as much too great 
as the other gives it too small. 

From experiments on the velocity of transmission of electrical im- 
pulses through long conductors, it is probable that the first part, as it 
were, of the electrical wave reaches the distant station in an inappre- 
ciable moment of time, but that in order to overcome the inertia, and 
give perceptible motion to the signal apparatus, an accumulation of 
power is required. The time necessary to this accumulation will 
depend on the weight, and other causes of resistance in the apparatus, 
and also on the intensity of the electrical current; hence, the two instru- 
ments ought to have precisely the same degree of sensitiveness, and the 
battery during the continuance of the experiment should retain the same 
electro -motive power. 

The method of telegraphing, employed with the cable, is that devised 
by Sir William Thomson, of Glasgow, and is founded on the applica- 
tion of the principle of reflection first applied to instruments of pre- 
cision by our countryman, Joseph Saxton, of the Coast Survey. It 
consists of a mirror of about half an inch in diameter, to the back of 
which is attached a small magnetic needle, the joint jveight of the two 
being less than one grain, which is suspended, by a single fiber from 
the cocoon, in the center of a coi! of many spires of fine wire, forming 
part of the galvanic circuit. Upon this mirror is thrown a beam of 
light through a slit in £ront of a bright kerosene lamp, and the deflec- 
tions of the needle are noted by tbe movements of the reflected beam 
received upon a slip of white paper. The exquisite delicacy of this gal- 
vanometer, ae well as the conducting power of the telegraphic cable, 
may be appreciated from the result of an experiment in which signals 
were sent from Ireland to Newfoundland, a distance of 2,160 miles, by 
means of a battery composed of an ordinary percussion gun cap, in 
which was inserted a morsel of zinc and a drop of acidulated water. 

For determining the time in these observations, a small transit instru- 
ment, a chronograph, and an astronomical clock were required at each 
station, for the accommodation of which a temporary observatory was 
erected. The observations on the American side were in charge of Mr. 
G. W. Dean, with the assistance of Mr. E. Goodfellow, while those on 
the coast of Ireland, as well as the general direction of the enterprise, 
were under the charge of Dr. Gould, assisted by Mr. A. T. Mosman. 
The use of the cable was freely granted by the Anglo-American Com- 
uany, and Dr. Gould received from the astronomer royal, Dr. Airy, and 
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tbc ttl4%triciaDS (t( the company, all the facilities and asaietance oeces- 
sarj- to tbe undertaliing. The report contains a series of investigations 
relative to tlie time of tmnsmisBiOD of signals, and other points, wliich 
2an only be properly understood by a study of the work itself. 

The Annual Report for the year 13G8 was printed, as DSnal, by order 
of CoDgress, and the extra numlier of ten thousand copies ordered. I 
would again urge upon Congress the propriety of increasing the num- 
ber of copies, since the demand has t>ecome so great that it is impossi- 
ble, nith the number above mentioned, to meet the applications for them 
of the correspondents of the Institution or of the constitaeuts of the 
members of Congress themselves. 

In addition to tlie report of the Secretary giving an account of the 
operations, expenditure^, and condition of the Institution for the year, 
and the proceedings of the Board of Regents, it contains the following 
articles : List of Smithsonian meteorological stations and observers in 
North America and atyacent islands, from 1849 np to the end of 18G8 ; 
Memoirs of Cuner, and history of his works, of Oersted, Schonbein, 
Encke, and Hodgkinson'; Articles on recent progress in relation to the 
theory of heat; Principles of the mecbauical theory of heat; Continu- 
ous vibratory movement of all matter; Radiation; Synthetic experi- 
ments relative to meteorites; Catalogue of meteorites in Yale College; 
The electric resonance of mountains; Experiments on aneroid barome- 
ters ; Anniversary address of the president of the Royal Society of 
Victoria; Report of the transactions of the Society of Physics and 
Natural History of Geneva, and of the Anthropological Society of Paris ; 
An original communication on drilling in stone without metal, and on a 
deposit of agricultural flint implements in Southern Illinois, by Charles 
Ran; Notice of the Blackmore Museum, England; Programmes of 
several foreign societies ; An account of the assay of coins at the United 
States Mint; Table of foreign coins; andacompiet* list of the publi- 
cations of the Smithsonian Institution. 

IMTEBNATIONAL EXCHANGES.— The two objects of the bequest of 
Smithson, as briefly, though clearly, expressed in his wiU by the terms 
"increase" and "difi'usion" of knowledge, are both fully provided for in 
the plan of organization. The inereate of knowledge is principally effect- 
ed by the researches that are instituted at the ex[>ense of the Smithson 
ftind in the various branf^hcs of science, and the diffusion of knowledge 
by the publication of the results of these researches and their distribution 
to all the principal libraries of the world, and still more generally by 
the great system of international exchange which has betm established. 
The effect of this system, in its present enlarged dimensions, in the way 
of facilitating direct correspondence between the scieutiflc men of the 
Old and New World, can scarcely be overestimated. 

Daring the year that has just closed, 1,734 packages, containing many 
tboDsaud diflfereut articles, have been transmitted to 1,569 parties iu 
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foreign countries. These packages were contained id 112 lioxes, liaving 
a cubical content in the aggregate of 1,033 feet, and weighing 23,376 
jiouads. The packages were not only from institutions within the limits 
of the United States, but also from those in Cauada, Central and South 
America. The parcels received at the Institution for parties in this 
country numbered 2,600, abont one-third more than were received during 
the preceding year. The 6e{>arate volumes, parts of volumes, and pam' 
phleta contained in these parcels would amount to many times the num- 
ber just given, those for the Institution alone amounting, as will be sub- 
sequently stated, to 5,555. When it is considered that these works are 
the published original records of the discoveries of the day iu the various 
branches of science; that they mark the progress of man in a higher 
civilization, ajid that the system of exchange tends to unite in one effort, 
US it were, the labors of those who are endeavoring to enlarge the bounds 
of knowledge, it is impossible to conceive of a system more efiScient or 
better calculated for realizing one of the conceptions of Smithson, that 
of diffusing knowledge among men. 

The exchanges thus fai- have principally been confined to books, 
although large uumhersof specimens have been sent abroad on the partot 
the Institution. Full returns have not yet been asked for these, but oue 
of the conditions on which the specimens are given is that whenever the 
government shall see fit to make provision for the full support of a 
national museum, then specimens will be required in return. It is 
proper to state, however, that in all cases in which the Institution has 
signified its desire to obtain specimens for special iuvestigatious, or 
for the illustration of a particular subject, sucb as geology and anthro- 
pology, liberal responses have been made. 

The Smithson jiackages, with the single exception of those for Italy, 
are passed through all the castom-houses of the world free of duty aud 
without examination ; and this exception will, we think, be removed as 
soon as the negotiations now in progress are completed. Efficient aid 
during 1869, as in previoas years, has been i-eudered the Institution in 
the transportation of its packages to and from the United States, &ee 
of charge, by the following companies, viz: The Pacific Mail Steamship 
Company, Kofth German Lloyd, Hamburg American Steamship Com- 
pany, General Transatlautic Steamship Company, Pacific Steam Navi- 
gation Company, Inman Steamship Compauy, Cunard Steamship Com- 
pany, California and Mexico Steamship Company, Panama Railroad 
Company, Mexican Stetunship Company, Union Pacific Bailroad, United 
States and Brazil Steamship Compauy, Sorth German Lloyd, (Balti- 
more line,) and the Atlantic Mail Steamship Company. It gives me 
much pleasure to make this public statement in regard to au act which 
deserves commendation, not only on account of the liberal spirit which 
it manifests, but also on that of the enlightened appreciation which it 
evinces of the objects of the Institution. Notwithstanding the aid 
which has been thus liberally extended, the cost of tJie exchanges now 
amounts to abont $5,000 ner anunm. 
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The following am the centen to which the Smitbscm invoices are 
ooasigned : Leipeic, cure of Dr. Felix Fliig^ ; Ltnidon, care of William 
Wesley ; Paris, care of Gnstave Bossange ; Amsterdam, care of Frederic 
Muller; Milan, care of L. dell' Acqua; Christiaoa, care of Professor 
Hoist, of the University. The packages for Asia, Afiiea, and Oceauica 
arc priucipiilly sent throngh London or the American Missionary Socie- 
ties. The invoices to Soatb America are forwarded, through the gra- 
toitons services of Mr. Hillier, of the New York cnstom-boiise, by 
regular trading vessels from that city. 

In 1807 a proposition was made to the Institution by the Librarian ot 
Congress relative to establishiag and coudncting a system of exchange 
of official documents between the government of the United States and 
that of other nations. In accordance with this, a circular was addressed 
to the different governments having relations with the United States 
for the purpose of ascertaining tbeir views as to such an exchange. In 
every case the proposition was regarded with favor, and at the ensuing 
session of Congress an act was passed directing that fifty full sets of all 
documents published at the Government Printing Office aboiUd be set 
apart for the purimse in question, and appropriating a sufficient sum to 
defray the necessary expenses. Unfortunately, however. Congress 
neglected to direct the Pubhe Printer to strike off the copies requisite 
for this purpose, in addition to the regohur number previously required 
for the use of the government, and it was not until recently that the 
necessary legislation was procured to remedy this omission. As soon 
as the printing and binding of the documents of the last session of 
CougresB are completed the proposed exchange will be initiated. In 
anticipation of the receipt of the anuufd supply of the documents of 
onr government, several large packages containing docoments of foreign 
countries have been already received. 

On aeconnt of the large additions that have been made of late years 
to the number of societies and other parties in correq>ondence with the 
Institution, a new and revised edition of the list of the former became 
oecesaary, and this was prepared during the last year. In order to 
insure accuracy in the titles and localities of the various establish- 
ments, proof-slips of the list were sent to the leading foreign societies 
through our agent«, and also to the diplomatic representatives in this 
conntiy- In all cases prompt attention was given to oar rcqnest, and 
many important corrections and snggestions were received. This list, 
which now numbers 1,587 literary and scientific establishments, is not 
only essential to the Institntion in addressing its foreign packages, but 
also, for a similar purpose, to the libraries and societies in different parts 
of the United States, Canada, and South America. 

LiBBABY. — ^The works, which have been received from all parts of the 
world in exchange for the publications of the Institution, after being 
recorded are transferred to the National Library, agreeably to the 
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nraDgemente doscribed in former reports. The following is a general 
Btatement of the nnmber of books, maps, aad charts received throagh 
exchange during 1869 : 
Volnmea : 

Octavo 946 

Qaarto 245 

Folio 43 

1,234 

Farts of volumes and pamphlets : 

Octavo 3, 238 

Quarto 709 

Folio 142 

4,089 

Maps and charts 232 

Total 5, 555 

Of the larger donations received daring the year in question are the 
following : 

From Iceland Foundation Library, BiCikiavik, 44 volumes and 12 
pamphlets. 

Swedish Academy of Sciences, Stockholm, 56 volumes ajid 5 pam- 
phlets. 

From the Emperor of Austria, 8 volumes and 9 charts. 

Public Library, Stuttgart, 118 volumes. 

University, Greifswalde, 114 pamphlets, Inaugural Dissertations. 

From the Institut de France, 31 volumes. 

Miniature de la Marine et des Colonies, Paris, 6 volumes and 40 pam- 
phlets. 

Commission Imp^riale de t'Expositioh Universelle de 1867, Bapports 
dn Jury International, volumes i-xin. 

Society de Statistiqne, Paris, 13 volumes and 28 pamphlets. 

Academic de Montpellier, Faculty de MMecine, 22 volumes, Thfeses. 

From tbe Society of Engineers, Loudon, 8 volumes. Transactions. 

British Musenm, 9 volumes and S pamphlets. 

Eoyal Archieological Institute of Great Britain and Ireland, 20ToIume8, 
Journal. 

From the Bombay Government, 15 volomes, Selections from tbe 
Records of the Bombay Government. 

Kational University, Athens, Greece, 37 volumes and 132 pamphlets. 

Legislative Assembly of Canada, 17 volumes. 

State of Minnesota, 6 volumes, Plate, Documents. 

C. M. Hovey, editor Boston Magazine of Horticulture, Botany, &c., 
, 35 volumes. 

The Smithson books have been well caied for by Mr. SpofTord, the 
efficient Librarian of Congress. Several thousand have been bound, 
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and a large uomber are now in the hauda of the binder, each Tolnme 
being marked on the back with a stamp indicating that it is a Smithson 
deposit. 

In the arrangement of the National Library the ^ublicatioas of learned 
Bociettes, of which the Smithaon books principally consist, form one 
chapter of the general collection, which occupies the greater portion of 
the sontb wiog of the western projection of the Capitol. It is desired 
by the Institution, as well as by the Xational Library, that this collec- 
tion should be as complete as possible in the publications of all learned 
societies which have existed from their first establishment in Italy, iibout 
the middle of the sixteeoth century, until the -present time. Through 
the kindness of the older societies of Europe a larger collection of their 
publications has been made by this Institution than was ever before 
formed in this country, or, with few exceptions, in any of the cities of 
the Old World. Still, there are many series wanting, and several of 
those now in our possession are defective; exertions will therefore be 
made, through our correspondents, to supply deficiencies. The value of 
the scientific collections as well as of the general library will be much 
enhanced by the catalogue of books, and particularly that of subjects now 
in progress, and which, as we are informed, will be completed during the 
present year. The third volume of the index of scientific papers, pre- 
pared by the Royal Society of London, has been printed and will soon 
be distributed. The completion of this great work will have an import- 
ant influence on the use of the lifatiouat Library, to which it will be 
especially applicable. 

The national library has increased so rapidly during the past three year^ 
that the three-fold space allotted to it in the Capitol is now insufficient for 
its accommodation. Further room, as we learn, has been asked for, 
and we would suggest that this might be best secured by the erection 
of a separate building, in whose plan of construction should be incor- 
porated all the latest improvements for the ase and protection of books. 
But whatever may be done in this way, greater fecilities than now 
exist for the consnltatton of the library should be afforded, by making 
it accessible in the evenings to those who are precluded from the use of 
its collections by their official occupation dnring the hours at which it 
is now open. 

Gaixeby op Aet.— It was stated in the last report that Mr. W. W, 
Corcoran, with an enlightened liberality only commensurate with his 
meaus, had resolved to found in Washington an institution exclusively 
devoted toart. This design,which would long since have been carried into 
execution, was interrupted by the war, the building erected far the pur- 
pose having been applied to the uses of the govemmentjbutweare gratified 
in being able to state that the possession of it has been restored to Mr. 
Corcoran, and that he has placed it in charge of trustees, who are to flU 
vacancies iu their board and direct all the aflitiis of the establishmrat. 
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Tbe galloy will prabably be <^en for exbibiticui to the public and to 
Btudents in art dariag Hie i^eseat year, Tbe establishment of tliis col- 
lection, as we liave said in a previous report, will obviate tbe neoee- 
sity of expending any <^ tbe funds of tbe Institation in supporting a 
natioual gallery, and I would suggest tliat the same policy which has 
directed tbe transf^ of tbe library, the herbarium, and osteological 
specimens to the Kational Library, the Agrionltaral Department, and 
tbe Medical Museum, be also extended to the CcH^orau Gallery. The 
InatitutioQ has a number of pictures and a large collection of plaster 
hosts, which are scarcely in place iu tbe midst of specimens of natural 
history, but which would produce a better effect in connectiim with otiier 
works of art of a similar character. There need be no danger as to 
impoverishing tbe Institution by this liberal policy, since it is in reality 
but another method of increasing its usefulness. 

The saving which is made by transferring the keeping of tlie library 
and botanical collections can scarcely be estimated at leas than $12,000 
per annum, a sum which adds to the efBcieney of the Institution in the 
way of inu^asing, by (he exchange of its products, the collections of 
objects of nature and ut in the national capital, besides adding to the 
intellectual wealth of the whole country. 

MusEUU. — During the past year the space occupied by tbe museum 
has been enlarged by appropriating to it the portion of tbe building 
known as tbe western connecting range, which consists of a room 61 
feet long by 38 feet wide. On cither side of this room has been erected 
a row of (seven) upright cases, and in the middle a series of tables ex- 
tending tbe whole length of the apartment. The upright cases on the 
south side have been entirely filled with ethnological specimens from 
Obiua and Japan, comprising the presents from the governments of these 
countries to the President of the United States. In the cases on the 
north side is arranged a large and valuable collection of tbe dresses of 
the Indians of tbe northwest const and of the Esquimaux of Kori;h 
America. Tbe table cases are also filled with ethnological specimens, 
among which are many exhibiting the rarer specimens of Indian work- 
manship, and also those of prehistoric times, from th^ explored caverns 
of France, presented by Professor Lartet. 

During tbe year 1869, 390 packages, containing many new specimens 
and tbonsands of duplicates, have been received at tbe Institution, and 
of these, as far as time would permit, a single choice series has been 
selected for the museum; tbe remainder are placed aside to be classified 
and made up into labeled sets for distribution. In pnrsning this policy, 
to which the InstitutioD is boond by its office of curator of the govero- 
ment collections, it is impossible to restrict the increase of tbe museum, 
and now, notwithstanding the great number of specimens that have 
been given away, nearly the whole of tbe available space in tho building 
u fill^ to overflowing. An appropriation for flnisbing the large hall iu 
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the second atory is, therefore, very desirable, but as this ioihii is wanted 
for the accommodatioD of the Katiosal Museum, and not for the uaes of 
the iDstitutiou, it would be highly improper to finish it by a further eu- 
(Toachmeut upon the capital of the Sinithsou fund. 

Wc have mentioned in a previous report that tlie architecture of the * 
large room, in which tlie specimens are at present eidtibited, is not well 
adapted to an advantageous display of loauy of the articles, since a 
considerable portion of the space is occupied by two rows of colossal 
columus, between which and the walls the cases, forming alcoves, are 
placed. The ceiUug, however, of the hall in the second story is to be 
attached to the long, iron'girders which span tbe space from wall to 
wall, and it will not, therefore, require the introduction of columns. It 
is hoped that in the finishing of this room the primary object of its use 
will be kept in view, namely, the exhibition of spficimeos. There is 
pleasure in perCect adaptation as well as in ffisthetical effect ; the two, 
however, are not incompatible, and a proper conception of the true 
spirit of architecture will never sacriftce the former to obtain tbe latt«r. 

Bince tbe date of the last report the museum has been iucreased by 
specimens in every branch of natural history and etimology, e^>ecially 
in those of ornithology and the products of the explorations of mounds. 
An unusual amonnt of labor has also been expended on tbe specimens 
during tbe same period. Tbe large number of birds in the drawers, as 
well us those on cxhibitiou,baTebe«i re-poieoued to invvent the attack 
of insects, while those in the cases have been furnished with new stands, 
and their plumage brightened by washing them with benzine. The cases 
themselves have been repaired and painted. The mounting of the 
archieological collections on boards, and the repairing of the articles al 
pottery, have been continued, and are now nearly completed. The speci- 
mens of quadrui>cds belonging to the older collections of the govern- 
ment present rather an unsightly appearance, through ii^jury by insects 
before they were brought irom the Patent Office, and because they were 
not well prepared. Many of them, however, are very raj%, and should 
be kept until better specimens can be obtained. 

No small amount of labor is required, in a large mnsenm, to keep np 
a descriptive catalogue of the various articles it receives, and to this 
work alone the entire time of a clerk might properly be devoted. The 
whole number of entries in the catalogue of the National Museum is 
now 158,062 ; and of these 16,205 were made during tbe last year, while 
of the specimens of the genend collection of which no types have been 
selected for exhibition many thousands of entries yet remain to be in* 
serted. 

By the co-operation previously alluded to in ttiis report, the Army 
Medical Museum, the Museum of the Agricultural Department, and the 
National Museum are rendered supplementary to each other, each col- 
lecting and preserving articles that are not contained in the others. 
The Commissioner of Agriculture, General Capron, has shown much 
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zeal and good foith in canyiug out tbe conditions preWously mentioned* 
on which the traQ6f<»- of the plants was made, by fitting ap a sjtacious 
room with cases which contain 600 separate compartments for tbe recep- 
i^ou of as many different families of plants, and by appointing a bot- 
anist fully approved by the Institntion. Dr. Parry, the botanist in 
question, w&a a pupil of Dr. Torrey, and for tbe last twenty years has 
been engaged in various government Explorations, mostly in the western 
part of the 0mted States. He was warmly recommended by the first 
botanists of the country, and, I doubt not, will discharge the duties of 
his office to the satisfaction of all interested in the advancement of this 
branch of natural history. He has began to arrange the plants in sys- 
tematic order for immediate reference, and finds the number of species 
to be about 15,000, included in 25,000 specimens. The additions that 
have been made to the collection during the i>ast year, embracing those 
which have been supplied by the Institution and the Department itself, 
according to Dr. Parry number 8,000 specimens, including 3,000 species. 
Besides the specimens of dried plants transferred to the Agricultural 
Department, a large and interesting collection of woods, from Mexico 
and South America, has been added to the deposit. 

Lectubes. — Previous to the fire which destroyed the upper portion of 
the main building, in 1865, courses of free lectnres were given by tbe 
institution to the visitors and citizens of Washington- These at first, 
or as long as the novelty continued, were well attended, but in time, 
owing, in part, te the difficulty of access, in the winter season, to the 
building, and the absorption of the public mind by tbe events of the 
war, the interest diminished, while the management of the system be- 
came much more difficult, inasmuch as it was impossible to prevent the 
introduction of political subjects. The call, however, on the part of tbe 
citizens for lectures has lately been renewed. Bnt it must be evident, 
on a little refiection and from past experience, that the original plan 
cannot again be adopted withont great inconvenience and an expense 
not commensurate with the value of tbe results produced. In order, 
however, to assist in the establisbiug in this city, daring the present 
winter, of a course of lectures on scientific subjects, and at a low price 
of admission, it has been thought advisable to grant a moderate ap- 
propriation to the Young Men's Ofaristian Association, to enable it to 
secure tbe services of distinguished popular lecturers. The building 
which has been erected by this society notonly serves OS an ornament to tbe 
city, but supplies a want long felt in affording a spacious ball for lec- 
tures, conventions, &c. The lectures to which the Institution con 
tributcd were of a scientific character, requiring expensive illustration, 
and, therefore, though they were well attended, they could not have 
been given at the low price charged for admission, had not aid been 
afforded. 



dbvCooglc 



EEPOET OF THE 8BCEETABY. 29 

EXPLOEATIONS AHD COLLECTIONS IN NATtJEAL HlSXOET.— In lllis re- 
port, as in other of the Smithsonian reports, a distinction is made between 
tbe collections of the Institution and those of the National Museum nnder 
itscharge. Theformercousistsoftlie large nnmberof specimens (in some 
ioetaaces including hundreds of duplicates of rare as well as of more com- 
mon si>ecies) which have been collected under the auspices of the Institu 
tion or through its special ageuey. These are studied and classified by 
experts for the formation of monographsand the determination of species 
and their geographical distribntioo ; or, as is tbe case in ethnological speci- 
mens, are compared for the purpose of tracing anthropological peculiari- 
ties ; and, flually, made up iuto properly labeled sets for distribution to 
museums in this country and abroad. The organization of explorations 
and the collection of specimens would be important parts of the oper- 
ations of the Institution were it entirely disconnected from the National 
Museum. Natural history and ethnology' are interesting branches of 
knowledge, and justly merit a portion of the Smlthsou patronage; hut 
the National Museum has no just claim on the Institution other than for 
a perfect series of all the duplicates collected ; and it is too much to ask, 
in addition to this, that the Smithson fiind sboold continue to provide 
it with house-room, and, in a large degree, with attendance. The dis- 
tinction we have made is an obvious oue, though it may be difficult, in 
some instances, to draw a line between the specimens in the museum and 
those of the Smithsonian collections. 

Explorations and collections in Natural History have been con- 
tinued, as in pre\ious years, by the Institution alone, orin conuection 
with other establishments. In giving an account of what has l>ceii done 
under this head, the geographical order adopted in other of tbe Smith- 
sonian reports will be followed. 

Kortktcest Coast of America. — Mr. McFarlane and Mr. McDougal still 
continae to collect specimens of the natural prodnets of the Mackenzie 
Biver district. Mr. Ferdinand Biscboff htm kept np his researches in 
Alaska, first at Kodiak, then at Kenai. Mtyor General (reorge H. 
Thomas, of tbe United States Army, has rendered especial sft-vice in 
collecting in tbe same region specimens of coal and of zoology. The 
remainder of the natural history collections of Mr. Ball, referred to 
in the last report, has been received and found of much interest as an 
illostration of the natural productions of onr new possessions in tbe 
^rtbwest. His collection^ in ethnology will be mentioned further on. 
Captain C. M. Scammon bas continued his explorations, and has pre- 
sented interesting collections from Alaska and Pnget Sound, in addition 
to several communications relative to the natural history and habits of 
the seals of the adjacent coast. Dr. Minor has also continued his valu- 
able contribations from the same region. 

Wester\United States. — The geological survey of the fortieth parallel, 
under Mr. Clarence King, referred to is tbe last report, has been con- 
tinned doriDg this year, and tbe collections made in zoology, botany,-' 
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mineralogy, and geology, have been deposited in the Institution. They 
are now in process of examination, and an account of them will be given 
in the valaable report of Mr. King, which Congress has orderwl to be 
printed. At the last session of Congress an appropriation of $10,000 
was made for the continuance of the geological surveys of Dr. F. V. 
Hayden. He was instructed by the Department of the Interior, under 
whose direction the money was to be expended, to examine especially 
the geology, mineralogy, and agricnltaral resonrces of the Territories of 
Colorado and New Mexico. The exploration began at Cheyenne, Wy- 
oming Territory, and was continued through Denver, the silver and 
gold mining regions of Georgetown and Central City, the Middle Park, 
Colorado City, and Port Union to Santa F6, returning to Denver by way 
of the San Luia Valley and South Park. In the language of the Secre- 
tary of lUe Int«rior, " this exploration, thongh brief and rapid, was emi- 
nently successful, and the collections in geology, mineralogy, Iwtany, and 
zoology were extensive." These collections have been deposited in the 
Institution, from which they will be sent for examination to persons who 
have made special stndy of the branches of natural history and zoology 
to which the specimens pertain. 

Mexico and Central America. — The explorations of Colonel Grayson, 
in Northwestern Mexico, spoken of in previous reports, were continued 
in the early part of the year, and an additional series of spccimeus 
transmitted to the Institution. It is, however, with deep regret we have 
to announce that the labors of this enthusiastic and enterprising nat- 
uralist were suddenly terminated by death, from fever contracted in an 
attempt to explore the Island of Isabella. By his decease the Institu- 
tion has lost a highly-valued correspondent, and the cause of science a 
snccessful cultivator. He devoted many years of his life to the devel- 
opment of the natural history and physical geography of Northwestern 
Mexico and the adjacent islands; and it is much to be regretted that he 
had not lived to complete the work in which he was so much interested. 
The explorations of Professor Sumicbrast, on the Isthmus of Tehuau- 
tepec, have been nearly completed, and the large number of well-pre- 
served specimens in all branches of zoology, received at the Institution 
from this region, attest his continued enthusiasm and persevering indus- 
try. From our veteran correspondent. Dr. C. Sartorius, of Mirador, 
important collections have been received during the past year. 

South America. — Mr. Hudson, of Buenos Ayres, and Mr. Reeve, of 
Ecuador, have ftimished a continuation of the results of their orni- 
thological explorations in these localities, while an interesting scries of 
the birds of Demerara has been contributed by Colonel Figyelmesy. 

Most of the collaborators jaat mentioucd have furnished uiformation 
in regard to the physical geography and the inhabitants of the country 
a^m which the specimens were derived, and in this way the Institution 
has accumulated a large amount of manuscript material relative to the 
natural history, geoiogy, and ethnology of the different parts of North 
Vmerica, not generally known. 
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ExPLOBATiOKS AND CoLLEOTioNB IN ETHNOLOGY.— During the past 
year the effon lias been conUuued to increase the collections of etbiiulogy 
and archieologj-of the North Americao contineot. It has been considered 
of special importance to prosecute this subject, since the remaius of - 
the Micicat people who have inhabited this continent are ever; year be- 
coming more rare. The mounds are disappearing in the process of 
agriculture, in the constmction of railways, or iu the extension of cities, 
and their interesting contents destroyed or scattered beyond tbehopeof' 
future recovery. A very extensive eorrespondeuce on this subject has 
been kept up during the year with persons in' every part of :North 
Amoric!), soliciting information and spevtmens, giving directions for 
examining mounds and shelt-heaps, and in several eases making a small 
appropriation for defraying the expenses of special investigations. 

Nearly all the explorers mentioned in previous reports have contri- 
buted valuable material in this line. During his visit to the Bay of 
Fundy, Professor Baird, of this lustitution, made extensive explorations 
among the ancient shell-heaps and gathered some facts and a[>ecimens 
of much importance in connection with the subject of the American 
Kjoekkenmoedding. In these labors he was assisted by Mr. G. A. Board- 
man, Professor H. G. Webster, Professor Nelson, Mr. Ellas Kiniiy, Mr. 
Gardner, Mr. Hollett, and also by C^tun Treadway,of the United 
States revenue service. 

As ethnology is a branch of study which, at this time, is occupying 
popular attention, it may be proper to give a more detailed aceonut 
tbao usual of the additions that have been made in this line during the 
year which has just closed. This account is compiled from the descrip- 
tive inventory made by Dr. Foreman, under the direction of Professor 
Baird, in a record book of the collections. For convenience of reference 
the geographical division is adopted. 

British AtHcrUxt, Arctic Region^ — Mr. Robert McFarlane, stationed at 
Fort Anderson, one of the Hudson Bay Compiwy's posts in the McKen- 
zie River district, with unabated perseverance, has continued making 
collections in natural history and ethnology, and has presented to the 
Institution, with a liberality which cannot be too much commended, a 
great nnmber and variety of articles to illustrate the character of the 
people among whom he has so longresided. Intercourse with traders and 
others has considerably modified their arts of litt, and they now pre- 
sent an example of a people in a state of transition from the stone to 
the iron age. Among the articles tmm Mr. McFarlane, which illustrate 
this change, are knives of pieces of iron hoops, spear-heads and fish- 
hooks of the same material; pipe-bowls of copper and of pewter, and a 
drilling apparatus, with an ordinary bow and drills tipped with bits of 
steel; boxes, of which the parts are fiistened together with wooden 
nails, iron being too precious to be used for this purpose; other boxes, 
of which the parts are joined iu the more ancient fashion by stretching 
over them, in a moist condition, a casing of leather, r .. iCjOOqFc 
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The greater ptat, bowever, of tbe articles are of a primitive clinmcter, 
among which, for outdoor use, are dog harness, lassos of moose-hide for 
large animals, and more slender ones, carrjiug rounded pieces of bone, 
nut size, to entangle the legs of geese; different models of tbe sledge 
for hauling wood and provisions; a stretcher of deer-skin; bows, with 
arrows, quivers, and cases ; a long line of whalebone for fishing ; a net 
of sinew, with t>one fish-hooks, fishing floats, spears, throwing-sticks, 
spear-rests for the deck of the canoe; a whistle or call used iti hunting ; 
snow-shoes and models of canoes; screens of wood to protect the eyes 
from snow blink, concave on the inner side, with two very narrow slits 
for looking through. Of the articles relative to indoor occupation are 
deer-skin- boots; white and black wolverine gloves; children's garments, 
neatly made, of soft) materials; capuchous, or coverings for the bend; 
tools, with which this and other work is performed, such as awls, drills, 
polishing imiilem^nts, of either jasper or carnelian, frequently of bone; 
a small leather bag of red paint, with pitch or other cementing material. 
There are also needles of bone, needle cases of ivory, pouches ornament- 
ed with beads, for containing sewing fiber. Bunches of this material, 
arranged as if for a chignon, appear to belong to articles used by 
women. A rattle of deer or musk-ox hoofs, used in dancing, and bone 
implements for gnmbling, suggest the character of native aiiiuscmcnts. 

From the same district have been received, through the Eev. W. W. 
Kirkby, a leather poncb, filled with quills of the porcuphie, which are 
used to ornament moccasins, belts, and fire bags; also a fur coat made 
by tbe Dog Bib Indiana There are not many articles of i>er6onal 
decoration, except somelabrets, thick buttons of white limestone, and 
bits of blue gloss, cemented together, to be worn in a slit of the comer 
of tbe month after tbe manner of a sleeve button. 

Alaska. — Tbe collections of Mr. W. H. Dall in the Aleutian Islands, 
at Norton Sound, and in the Yukon region, mentioned in the last report, 
have been received and are found to be very extensive and intiTosting. 
Those from the Aleutian Islands are specimens of native carving in 
walnis ivory, which exhibit considerable imilative skill in copying tbe 
forms of objects introduced by white traders. Among them are a table 
knife and two spoons, neatly executed. Tbe greater part, however, of 
Mr. Dall's collection ard from the various tribes of Esquimaux living on 
tbe shores of Norton Sonnd, more particnlarly tbe articles of clothing 
made of fura and leather, prepared from the skins of tbe deer and other 
animals. These consist of outer and inner garments, for both sexes, and 
of boots, gloves, aqd mittens. It would appear from tbe specimens that 
the skins of the larger fishes, and also of tbe seal, are used for articles 
of dress, adapting the material to the change required for winter and 
summer. From tbe region of the River Yukon there arc snow-shoes, 
moccnsins, fur dresses, straw-shoes and boots, for riding and dancing, 
all made and used by the Mablemuts. The domestic implements of 
the people are exhibited in a series of spoons or dippers, made of tbe 
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broad horns of the Rooky Monnbun sheep, wooden bowls, ladles, platters, 
cnps, and trays; bags and haversitcbs made of seal or flsb skin, of all 
sizes, universally nsed by the Esqmmaiix for keeping provisions and other 
materials; also earthenware lamps, fire bags with flint, steel, and tinder; 
tobacco poaches, pipes, and ennff-boses. The articles made of seal-skin 
on the coast are imitated farther np the river in the skins of the larger 
flahes, the intereonrse between the localities being diflBcnlt since the pass- 
es are held by a few trading Indians, who act as middlemen in exchanging 
commodities and as guards to prevent access to the coast From the 
TTnaleets there are neatly-made housewives of fish-skin, and from the 
Pastolic Esquimaux a smalt workhag woven of grass, ivory needle cases 
ornamented with bine heads, and a store of thread made of filaments of 
dried sinews. The weapons received are interesting illnstrations of the 
character and habits of the people. The bows in this collection, nsed 
by the Esquimaux for killing large birds or fish, are of very un- 
nsual weight, and many of the arrows employed in shooting 
the wild goose are tipped with a hlnnt knob. The sharp arrow- 
points are the most beautiful and delicate of any we have seen, and are 
of obsidian, green jasper, or glass. The seal and fish lines are of the 
long, flexible stems of a fucua which grows in deep water and equals 
whalebone in tenacity and toughness. The harpoons for striking seals 
are famished with a horn or bone tenainatjon, carrying a barbed point, 
tlie whole being detachable from the shaft From the Ekogmut there 
are several of tiiese, with others used in killing the whale ; also model? 
of canoes, oars, &c, fh>m the Lower Ingaleeks along the Ynkon and the 
Unaleets on the coast. In the way of personal ornament there are a 
quantity of red paint and a yoke, or necklace, oval pieces of wood or 
sbme to be inserted in a slit in the lower lip, the nose, or the ear ; fln- 
ger-riugs, principally of stone, of two kinds, one of which is used on 
monming and the other on ordinary occasions. 

Aleutian Itlandt. — ^From the Alenttaa Islands there are in Mr. Dall's 
collection several hideoos masks of gigantic dimensions used in the 
ceremonies of the people. Dr. T, T, Minor, surgeon United States rev- 
enue steamer Wayanda, Captain HowEud, commander, who visited 
Sitka, Kodiak, Uualaska and some points of the Aleutian group, has 
fdmished collections exhibiting the dress, occupations, and habits of the 
Goloshes, Vnhegags, and Aleates. Tlie scarcity of stone implements in 
this collection is worthy of notice, since hut two specimens, a pestle and 
axe, are all that were foand, and these were regarded as very ancient 
Among the articles are the following: Heavy corded bows for fishing, 
armed with three prongs; hiant spears, with barbs, and fish spears 
ornamented with feathers ; lines of sea-weed or kelp, with detachable 
spear-heads; throwing-sticks, to give a longer leverage in projecting the 
spear. Thereare also chisels for making apertnresin the ice, to which fish 
resort for air; dog sledges, canoes, paddles, reindeer skin overcoats and 
boots ; an overall perfectly waterproof and exceedingly light, made 
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of the iatestiiies of the seal, the edges being sewed or cemented, aad 
the whole ornamented with tnfts ol'hair or feathers in briUiaot colors. 
Gtitnpaes of in-door arts and employments are obtained from Bi>ectnieDS 
of carvings, baskets, woven articles, sewing, paintings, and implements, 
together with the ever-preaent pipe, of which there is one with a deco- 
rated stem, carved by a Colosh. The illastrations are further extended 
by wooden trays and dishes, ornamented with carved figures of animals ; 
water-tight baskets, in which provisions are boiled by dropping red-hot 
stones into the water ; mats of simple checquer pattern ; carved 
handles of the black horn of the Bocky Mountain goat, exhibiting an 
intricate series of ornaments, and fastened by the aid of heat and pres- 
snre to the broader horn of the moose, or of the Bocky Mountain sheep, 
to form a spoon or a ladle. Among the carvings is a remarkable series 
in walrus ivory of objects in miniature, r^reseuting table kuives, spoons, 
candlesticks, boiling kettles, with covers, copied from objects iutrodoced 
by foreigners; also the animals of the country, such as beaver, moose, 
whales, seals; a female otter followed by her young-, likewise a man 
spearing a b^r; a group of men attacking a reindeer, and several other 
human figures. These miniature specimens of carvings, which are exe- 
cat«d with great neatness and fidelity, evince a minnte observation of 
nature, as well as considerable skill in art. A Colosh painter's kit 
belonging to this collection, contains a number of brushes very neatly 
made and of sizes suitable for fine or coarse work. Although the assort- 
ment of colors is smaJl, being limited to red, blue, yellow, and black, yet 
the whole collection of specimens rdative to art shows an advance in 
thisline beyond anything before observed in the northern races. Among 
other articles is the dance rattle, eomnonly used by the coast tribes, and 
consisting of a hollow, oval, wooden box, usually in the form of a bird, 
.gaily painted, containing pebbles; also bead ornaments, of grotesque 
form; headdresses, with wooden masks, having distorted features; like- 
.wisc ornaments of stone finely executed, and representing birds, fish, and 
serpents in the form of a ring; besides numerous samples of the same in 
wood and bone. 

From Lieutenant T. M. Bing, 0nited States Army, stationed at Fort 
Wrangel, in Alaska, we have received an important collectiou of ob- 
jects, among which are models of the bardoska, or canoe, with paddles, 
of very neat workmanship; the head of a fish spear, and several bul- 
lets made of copper; two fish-books of a metal resembling silver, 
and haUbut books of wood ; also two specimens illustrating the form in 
which provisions arc preserved for winter use, one of which is a spheri- 
cal ball of the fruit ot Rubm chatnamorus, and the other is the conv- 
presseil iuner bark of a coniferous tree, which may serve to allay hun- 
ger by distending the stomach. A stone hammer and two {wstles are 
samples' of articles still in use, and an ancient barbed and notched bone 
fish spear exhibits the forms of similar implements discovered in the 
prehistoric caves of Europe. A full series of carved wooden dishes 
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and of bom spoo&s illastratfi the table service of the Datives, wbile 
maskB, rattles of wood aod of basket-work, ueek and lip omamentB of 
Btooe, a dressed doll with a head carved in stone, a hninan image, nnd a 
bird of tbe same material, exhibit some of tbe occupations and amase- 
ments of this primitive people. From Mr. E. E. Smith, of the scieuti&c 
corps of the Western Union Telegraph Company, the Institutioa has 
received a bow and arrows of the Smagamut Indians, for shooting wild 
eeese; and from Dr. A. H. Hoff, United States Army, a very fine sample 
of the membranous waterproof dresses used by tlie Alaskaos, also a 
pair of carved cliop-sticks of whalebone. The latter articles were received 
through the officers of the Army Medici Museom. 

Wa«hinffUm Territory. — From this quarter we have obtained collections 
made by Dr. J. T. Ghiselin, United States Army, stationed in Washing- 
ton Territory, consisting of bow, quiver and arrows in use among the 
Flathead Indiaos; aJso, a number of arrow-heads and a pair of mocca- 
sins, collected among the Cascade Indians; we have also a riding whip, 
wedding hat or bonnet, a berry basket, and specimens of food preserved 
for winter, consisting of tbe eggs of the salmon, of the size and consist- 
ence of dried peas. Dr. Whitehead, United States Army, also trans- 
mits from tbe same region some bones exhnmed &x>m a shell mound, 
and a metal spoon from an Indian grave. 

Idaho Territory. — From among the Nez Percys, Dr. E. Storror, United 
States Army, has collected specimens of preserved food, consistiug 
of the bolbs of tbe camas, Scilla esculenta, and the kouse bread, an 
unleavened mass, an inch thick, of the seeds of wild rice, Zesania aqua- 
tica, pounded np with water, and baked. Accompanyingthese are spear- 
heads of flint and iron, strong hair rope or lariat, a woman's saddle, 
blanket, panniers, a drum, a carved pipe stick, and a handsome pi[»e of 
red stone, a skoll cap of woven grass, a comb, sewing awl, thread, an 
ornamented belt worn by a woman, and a model of a cradle, affonliiig 
glimpses of domestic life. Dr. C. Wagner, United States Army, baa for- 
warded a bow, quiver, arrows, and arrow-faeads, obtained from tbe Snako 
Indians; and Hospital Steward E. Lyons, a basket, woven scoop, and 
bow and arrow from the same tribe. From Montana, Dr. B. B. Hitz 
has transmitted a stone pesUe. 

Utah Tcmtory.— Dr. H. E, Waters, United States Army, stationed at 
Fort Bridger, in Wyoming Territory, has collected and forwarded some of 
the implements of war and tbe chase nsed by the Shoshone, Bannock. 
Ute, and Navajo Indians, consisting of a bow and arrows, a bow case, 
qniver, tomahawk, and war club. Tbe arrows of the Savajos are said 
to be poisoned. From Dr. Meacham, United States Army, have been 
received fragments of pottery found in the same Territory. 

Oregon Territory. — Dr. C. Moflat, United States Army, has presented 
a small but interesting collection from Oregon, near the vicinity of 
Malheur Eiver and the Stein Mountain. In it we find the bow, quiver, 
and arrows of tbe Malhenr Biver Indians, a drinking cup, fire stick, painf 
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bag, carved woodeu comb, and beads; also a specimea of preserved food, 
consisting of camas root, dried and compressed into a this cake. 
These Indians are somevfaat away ftx>m the beaten ronte, and everything 
from them isof mach interest. 

California.— •Ftoid moands in Alameda County, California, examined 
by Dr. L, G. Yatea, who has frequently contributed articles of interest 
from that State, we have received many specimens of the ancient stone 
age, consisting of stone pestles, pei-forators or awls, sinkers, a phallus, 
spindles, a soapstone latUe, stone mortar and pestle, pipe bowls, shell 
and perforated stone ornaments, an ancient awl and serrated implements 
of bone. The race of Indians at present occupying the country arc said 
to be entirely ignorant of the art of making these objects and of their 
use. From the Pott River Indians, California, Dr. Powell, United 
States Army, has sent a bow, qniver and arrows; and firom the Pah Utes 
of Owen's Valley, California, we have similar weapons from Dr. Th. 
McMillan, United States Army, who has likewise contributed a war clnb 
of the Mbhaves. 

Nevada. — Clarence King, esq., director of the United States geological 
survey in Nevada, presented a portion of a beautifnlly worked pestle of 
syenite, obtained in Lower California. 

Dakota. — The post surgeons stationed at the military posts on the 
Upper Missouri, chiefly within the Territory of Dakota, have shown 
much zeal in collecting objects to illustrate the pursuits and customs of 
the nnmcrons tribes occupying the country bordering on this river. 
First among these, in point of interest, are the collections of Surgeon 
C. C. Gray and Dr. Matthews, United States Army, stationed for some 
time at Fort Berthold. From the Mandans they have furnished a head 
dress mounted with buffalo horns, with an ornamental pendant of dressed 
buffalo hide falling behind the head ; a war shield of the Gros Ventres, 
with bow, case, quiver and arrows, in the highest stylo of Indian orna- 
mentation ; a bow of the Arickarees, ingeutonsly fashioned of an elk 
horn ; a stone hatchet &om the same, together with the scalp taken from 
a Blackfoot Indian ; also fivm the Tanktonnois Sious, a hoe, made of the 
shonlder blade of an elk, accompanied by a wooden saddle and append- 
ages, a pad saddle, a whip with a bom handle, parfleche meat case, 
sheath for a scalp knife, and a rake of wooden material. The Mandans 
and the Berthold Indians generally, are addicted to gambling, and 
accordingly in the collection there are dice, and a small basket to contain 
them ; also the gambling implements in use among the women ; and, 
finally, a wheel or roolette, the workmanship of Gros Ventres. There are 
also domestic implements of the same tribe, consisting of a basket 
for carrying provisions, a wooden desk, an earthen pot, implements of 
hone for scraping skins, with horn spoons and ladles; several medicine 
rattles, indicating the superstitions of the tribe, and a musical instru- 
ment of their invention, illustrating the innate tendency to cultivate 
the fine arts ; while children's toys, including a popgun, not unlike those 
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in ORB among the whites, ahov the natty of intellect ainoug races the 
most widely separated. A needle case, porcapiae qaille, and bead orna- 
, ments, together with a com bag, illastrating female occupation, are 
from Hospital Steward J. E. Jones. From the same Territory, Dr. J. 
P. Kimball, United States Army, has contributed a targe number of 
objects, such aa the bow, quiTer and arrows of the Assiniboines ; 
also of the Sionx, Mandans, and Arickarees; scalpknife, sheath, 
aod scalp, of Yankton ; war clab, bonnet, shirt, and leggings, dram, 
and other fighting equipments ; a fleshing knife for dressing skins, a 
pemmican mallet, wooden cups, dishes, ladles, spoons, pipe and stems, 
a peace pipe of the Blackfoot Indians, two pairs of ornamental mocca- 
sins, and an ornamented dance rattle. From Fort Wadsworth, Dr. A, 
J. Comfort, United States Army, has sent a bow, case, quiver and ar- 
rows; a collar made of bears' claws; an ornamented sheath for knife; 
stone hammer; stone spear and arrow-heads; several riding whips; 
the instruments used in games of ball; a perforated horn implement 
from a moond ; two red stone pipes with carved stems ; three ornamented 
pouches of heaver and other skins; a stone palm thimble for sewing 
with a large needle; a worked quilt, a bunch of perfumed dried grass, 
scalp feathers, and a goord dance rattle, which closes the list. From 
the Upper Sioux, Dr. James F. Boughter, at Fort Dakota, has obtained 
for the Institntion from the Sioox a bow, with case and arrows, leggings, 
embroidered with beads; saddle cloths handsomely ornamented, riding 
whips, war feathers, knife sheath, moccasins, ear rings, &c., the trap- 
pings of the warrior. Dr. A. B, Campbell, United States Army, contri- 
bates from the Yanktons a handsome necklace of the claws of the grizzly 
bear; a smoking pipe; war club armed with knives; stone war mace; 
stone hammer or mallet; a mortar and pestle, the former made of a stout 
piece of buf^o hide gathered at the comers ; with the usual bow and 
arrows of this tribe, and three arrows of the Saw Indians. From the 
vicinity of Fort Bandall, Dr. O. P. Hardenburgh has obtained for us 
another head dress of buffalo skin with the hair on, and surmounted by 
the boms, with a broad pendant of skin fbrred and feathered to hang 
down the neck ; also a rubbing stone for dressing skins, and a horn 
spoon. 

Dr. Gardner, United States Army, has forwarded from the same Terri- 
tory a Chippewa bow, quiver and arrows, saddle, dram and sticks, a 
Sissiton pipe stick, medicine bag, bow, and a heavy scraper of bone, used 
in dressing skins. Dr. W. H. Forwood, United States Army, has contri- 
buted a bow, bow case, quiver aod arrows of the Cheyennes, also arrows 
from the Sioux; Dr. H. O. Schell, United States Army, from near Fort 
Laramie, has sent a collection consisting of the bow, bow case, quiver 
and arrows of the Ogalalla band of Sioux ; Dr. C. S. De Oraw, United 
States Army, a bow and quiver of the Klowas; Dr. A. MuUer, United 
States Army, a hickory war bow of the Yanktons and Sissitons. From 
the same tribes a battle sx and pouch has been presented by F. B^j 
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McGuire. Brevet Brigadier General Crane has contributed a pair of 
moccasins and a pipe of the chief Little Bear; Dr. A. MuUer sends fit>m 
Fort. Kidgelf arrows used liy the Yanktons, Sissitons, and Upper and . 
Lower Sioux. Mr. W. L. Toole, from the same Territoiy, has Airnisbed 
a handsome red stone pipe, stone ax, chisel, aud a stone war clab or 
casse-tSte. 

Upper Missouri River, — From this region, Captain Little, United States 
Army, has contnbnted a slab of sandstoae, upon which the impression of 
tn'o human feet are rndely carved. Mr. Leopold Biddle, a stone chisel ; 
and Dr. F. V. Haydeu, avery perfectly preserved soapstone vessel, frag- 
ments of pottery, arrow-heads, and other objects from the site of an an- 
cient Pawnee village. 

Nebraska. — From Nebraska, Dr. S.M. Horton, United States Army, has 
furnished several important and interesting articles from the Ogalalla 
band of the Sioux. Among these are a bnfi'alo robe, as prepared by the 
Cheyennes; a saddle from tbe Crow Indians; a Sioux war club; a 
pouch, knife and sheath, and a bnnch of feathers, used in taking 
scalps ; specimens of arrows of tbe Crows, Sioux, Cbeyennes, and other 
tribes; several pairs of moccasins, and a skin prepared for making 
others; a gun case of Sioux construction ; a riding whip; a lariat; pro- 
vision case of tanned bnffalo hide ; tanned skins of tbe Bocky Mountain 
sheep and of the elk, and smaller articles consisting of several stone pipes 
from the Arapaboes, a ptuntbag and a comb, used by tbe Crow In- 
dians, the latter made of the staff appendages on tbe tail of a poreupine. 

Kansas. — From the vicinity of Walnut Creek in this State, we have 
received through Dr. G. M. Sternberg, United States Army, the bnrial 
case and its appendages of a male Cheyenne child about three years of 
age. The wrappings enveloping the body, and tbe article^ of dress, or- 
nament, or daily use which accompanied it, form the most curious and 
interesting assemblage of objects of the kind we have ever received. 
The bnrial case is made of long flexible withes of willow, stripped of the 
barb, and lashed together somewliat in basket fashion, built up from an 
ov^ base, Ave feet in tbe longer and three feet in the shorter diameter, 
the sides and top being arched and rounded, rising about throe and a 
half feet from the base. Aii opening on one side is left for tbe intro- 
daction of the corpse and a large number of articles of tbe greatest 
value to the Indians. These articles consisted of seven highly-finished 
and valuable buffalo robes ; six blankets, white, red and blue ; a hood, 
ornamented with beads; a cape; several worsted scarfs; belts, orna- 
mented with beads and metal disks ; a leather belt, covered with metal 
buttons; apparently all tbe child's wardrobe, as jackets, underclothes, 
stocldngB, moccasins, fur cap, leather gloves; together with a small tin 
dish, beads, metal plates, ornaments of German silver, and others made of 
the shells of the haliotis, which is not found nearer than tbe Pacific coast. 
There were also several articles which can scareely be recognized as the 
properfy of so young a child, such as spur straps, tobacco pouches, hide 
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latiata, i>aint bags, and an oblong piece of stoat bull liide. It is the 
opinion of Dr. Siernberg, tliat this sepoJchral ofTeriog of valuable efTects 
was not solely from tbe immediate relatives of the deceased, but tliat 
being the lineal descendant of a great chiel', and beir to his rank in tho 
tribe, many families or bands being present at tbe burial, contributed of 
their wealth to signalize their connection with the child's family, and the 
widespread sorrow at the loss they all had sustained. A full account 
of this int«re8ting collection, with drawings of the articles, has been 
prepared for pablication by Dr. Otis, of the MediciU Museum, in the In- 
Btitation Contributions to Knowledge. 

From Fort Harker, Kansas, Dr. E. B. Foyer, United States Army, has 
presented a nnmber of the arrows used by the Kaws, Apaches, Chey- 
ennes and Kiowas, which are commonly pointed with iron, and have the 
feathered end painted with the adopted colors of the band or tribe, so 
that they can at once be recognized by Indian scrntiny. 

Colorado Territory and Adjoining Beffiom. — The collection of ethnology 
has also been enriched, through the Army Medical Mnseum, by speci- 
mens from the tribes which occupy the plain on both sides of the Eocky 
Mountains in Colorado, New Mexico, tmd Arizona. Dr. B. A. Camp- 
bell, United States Army, fi-om the first-named Territory, has sent a 
singular neck ornament, made of turtle shell, and two fine pouches of 
mink skin for holding tobacco. From tbe Kiowas, Dr. W. H. Forwood, 
United States Army, has presented a whip, a pipe, and a medicine rattle; 
Dr. F. O. A. Bradford a tobacco pouch, an earthen water vessel, a Xa- 
Tiyo necklace, a pair of Cheyenne moccasins, claws of the grizzly bear, 
and a pair of Sioux moccasins. Dr. Lippincott, United States Army, 
from the Comanches has presented a whip, and Dr. J. Seadles tbe bat 
of a medicine man, and a wooden spur. From Twin Springs, near Fort 
Fettorman, Dr. C. Sutherland, United States Army, has contributed 
two fine stone lance-beads, and Dr. H. S. Schell six Sioux arrows. Dr. 
P. Moflatt has presented a bow, neatly made and covered on the con- 
vex side with the skin of a rattlesnake ingeniously cemented te tbe 
wood. From Mr. James Stevenson, of Dr. Hayden's corps, we have a 
very fine Arapaho saddle, padded and omamentod with beads. To 
these may be added several arrows of tho Apaches and Comanches, 
presented by F. B. McGoire, esq., of Washington City. 

In New Mexico, the Navqos are the most troublesome Indiana that re- 
(dde within the present boundary of the United States, and in tbe nu- 
merous conflicts between them and our military forces many interesting 
objects have been captured. Dr. John Brooke, United States Army, has 
procured for us, from Fort Sumner, Navajo bows and arrows, a bridle bit, 
and a pair of moccasins; Dr. B. A. Clemente, United States Army, a 
lot of arrows ; Dr. J. T. Weed a saddle blanket, shield, two bows, bow- 
case, qoiver and arrows, a belt, and a curiously made shield for the 
back ; Dr. McKee, United States Army, a bow case, quiver and arrows, 
a rongb stone Implement for dressing skins, and an earthenffiare,^9|u. 
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Mr. M. Kayser, of Santa F^, bas contributed from the Bame tribe a 
blauket made of the wool of the native sbeep. From the Wochita bat- 
tle ground, in the Indian Territory, Dr. Lippinoott, United St«t«s Army, 
has obtaiued for ua a lot of bows, cases, quivers, iron arrow-beads, 
metal tubea for nose ornaments, and finger rings of German silrer. 
These all belonged to the tribes engaged iu the conflict, namely, the Co- 
manches, Arapahoes, Wachitas, aad Eiowas. 

From Arizona, the principal contributions in former years were by 
Dr. E. Palmer, acting as medical ofBcer at the Indian agency. The ar- 
ticles presented last year, by the same explorer, were such as relate 
mostly to the domestic occupations of the Apacbes — a ponch with bal- 
lets, bone for dressing skins, awls for sewing, resin for floishing bows 
and arrows, paint bag, with black and red pigments, the former 
color being derived from the inspissated joice of the mescal plant, 
and curious necklace, woven of strips of the inner bark, complete 
the collection. From Dr. John 0. McFerran, United States Army, have 
been received a battle-ax; and from Dr. E. Cones several Apacbe ar- 
row-heads. From the western part of the Territory Mr. Manning F. Force 
has sent a (syenite or porphyry) stene axe of symmetrical shape and 
beautifully polished. Mr. Henry 0. Force, from the Gila Kiver, bas 
presented fragments of pottery and shell ornaments, and, from the Mo- 
qoi Indians, a small, red, earthenware vase. Mr. H. C. Feruald has 
given a small stone axe, obtained near the same locality. 

From Wisconsin, Dr. B. P. Hoy, of Bacine, well known for his re- 
searches in aboriginal ethnology, has presented an ancient earthenware 
vase, nearly entire, baving a conical or sugar-loaf bottom, with frag- 
ments of another vessel. Dr. Moses Barratt, of Waukesha, has sent 
numerous stone relics, axes, chis^ arrow-heads, and a stone disk ; also 
an arrow straightener, consisting of two flat pieces of sandstone with 
semicylindric^ grooves, through which the shaft is drawn when the 
stones are fitted together. He has also sent fragmente, apparently of 
brick, which formed part of a wall so ancient as to be attributed to 
Aztec workmanship. 

In niinoia, the Chicago Academy of Sciences, energetically engaged 
in promoting research in aboriginal remains, bas bad made electrotype 
copies of a fine specimen of copper knife, one of which has been pre- 
sented, through Mr. H. Shimer, to this Institution ; also a similar cast of 
a copper chisel, and a cast in plaster of a remarkable terra-cotta image. 
From Mount Carmel, Illinois, Mr. Bobert Bidgway has presented two 
fine stone axes, several spear and arrow heads ; and &om the same place 
Mr. Granville Turner has sent a boe of jasper, three spear-heads of chert, 
and a lot of arrow-heads; also tcom the same State, Dr. Hall has pre- 
sented a stone axe, a chisel, and a number of arrow-heads; and J. E. 
Kendrick, of Des Moines, has contributed a series of specimens of 
pottery. 
From Indiana, Dr. B. M. White, United States Army, has presented 
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a anrioos earthenware pipe and a dreas ornament; Drs. McCoy and 
Maxwell, for themselves and friends, a collection of stone hiitclieta, 
spear-heads, and other stone reUca. The most remarkable objects, how- 
ever, firom this State are from near Caniieltou, and consist of two stone 
mace-heads or eaate-tetea, of hard fermginous qnartz, perforated through 
their longer axes, polished and finished in a perfect manner. They were 
presented by Mr. Hamilton Smith, with other stone relics. From Frank- 
lin Gonnty, Indiana, Dr. B. Haywood and bis friends and neighbors have 
favored the Institution with a considerable collection of stone imple- 
ments, many of fine workmanship, among which may be enomeratcd 
Btone pestles, axes, chisels, spears, and arrow-heads, stone ornaments, 
and pottery. 

From Ohio, Mr. W. B. Llmpert has contribnted a collection, foond at 
Graveport, of well-finished articles ; cnnsistingof a variety of stone pestles, 
amortar for grinding paint, a number of stone knives or chisels, and axes, 
a perforated stone disk, over one hundred arrow-head8,a stone awl, and 
other miscellaneous objects in stone. From Bev. Dr. Thompson, at 
Milnersville, Ohio, we have received arrow-heads collected in his vicinity. 

From Seittu4sh/, Mr. 8. S. Lyon, whose archieological researches in 
1868 werejjf such interest in the mounds of Union County, has forwarded 
additional articles, consisting of shell disks ornamented by carvings, a 
fishing sinker of the same material, perforators of stone, and small 
masses of galena worked into a rounded bead-like form. 

From Tennessee, Mr. 8. L. Wilkinson, near Glarksville, has sent five 
spear-points, a large number of arrow-heads, a stone disk, and a mortar 
for grinding paint. Dr. Curtis has also favored us with a lot of arrow- 
heads from Knox County. We have likewise to record the liberal 
donation, by Mr. J. H. Devereux, of a very valuable series of stone im- . 
plements and other objects, collected by himself, chiefly in Tennessee, 
though some of the articles were obtained in other Southern States, as 
well as a few from Ohio and Massachusetts. The perfect condition and 
fine finish of these articles are remarkable, and they are so numerous as 
to fill a separate case. They consist of every variety of form of axes, 
chisels, gouges, knives, spear and arrow-heads, pipes, ornaments for the 
person, of stone and of pottery articles, many of which are entirely 
unique. 

.From Arkansas, Mrs. Governor Throckmorton, of Little Bock, has 
presented a pestle, grinding stone, and two paint mortars; and from the 
same State, Mr. J. M, Stanley has sent a quantity of quills of the porcu- 
pine, colored for use by the Indians in their embroidery. 

In Miasiasippi, Mr. T. J. B. Keenan, of Brookbaven, has shown zeal 
in examining the natural and ethnological cariosities of his vicinity, and 
has presented to ns a large number of handsome arrow-heads of brown 
jasper, a cnrione cylinder of the same mineral, a stone disk, and a pair 
of ear pendants made of silver coins by an Indian boy. 

In Louisiana, opposite Yicksburg, Dr. E. Swift, United S,ta^^n|'^> 
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bos examined the contente of several mounds and Indian graves, ftvm 
wbicli lie obtained for us many interesdug articlee, the principal of which 
are earthenware rases in good preservation and of cnrioas forms, ap- 
proacbiug that of tbe vessels common among the tribes of Chili and Pern, 
evidently for holding water, most of them having very narrow openings, 
and being spherical in shape ; also, stone hammers, chisels, iKstles, 
carved pipes of sandstone, a disk of quartz, bowls and cnps of earthrai- 
ware, &c. 

in Texat, Dr. D. H. MvElderry, stationed at Fort tiriflln, has assid- 
nously collected from the tribes near his iiost many objects of interest ; 
among which we may enumerate three Comanche war shields painted 
and ornamented, bows, bow case, arrows, qniver, scalp knife, and sheath, 
war drum, tomahawk, and riding whip, all of which belong to a warrior's 
eqaipmcnt. The other articles are implements for dressing skins; 
tinder bag ; dance ornaments ; two head dresses, one made of Comanche 
hair and the other of a bear's ear ; a girdle and poach made of a Coman- 
che's skin ; a sqoare girdle and arm and head ornaments, some of sUver 
plates, with toy bows and arrows, and two rag dolls decorated with 
Comanche hair. Dr. J. Middletou, of Camp Verde, has presented a 
saddle obtained from the Kickapoos, and Mr. George Kean, some bony 
plates of the Ijepidosteua, or great western gar, having been used by tbe 
soathem and western Indians as arrow-heads; a fact in accordance with 
a statement of William Bartram in his travels in Florida during the last 
century. 

In Florida, explorations have recently been made la the shell heaps 
near Tampa Bay by Dr. William Stimpson and Mr. E. C. Steams. From 
the former we have received a curious shell implement formed of the 
colamella of the great Fasdolaria gigantea, the ase of which is unknown. 
From Mr. Steams, a large soapstone vessel, a stone sinker, a spear-head 
and fragments of i>ottery. Mr. H. Clark, of tbe same place, has pre- 
sented several hammers, a Ashing sinker, a number of arrow -heads, and 



From Alabatna, we have received specimens of arrow-heads, princi- 
paUy of jasper or agate, and of good finish, presented by Mr. Isaac Slee, 
of Baldwin County, and specimens of the same kind from Mr. Henry 0. 
Force, collected in Northern Alabama, and also specimens of pottery and 
arrow-heads presented by Dr. Beynolds, United States Army. . 

From Georgia, at St. Simon's Island, a favorite station of the South* 
ern tribes, Dr. C. H. Taylor, United States Army, has forwarded a num- 
ber of stone axes and arrow-heads, and also pottery from Branswick 
County. 

From Virginia, Fayette County, Mr. A. G. Grinnan has presented 
a collection of stone axes, hammers, chisels, and a finely formed 
fishing sinker made of hematite, of which we have several sjiecimens 
from localities widely separated, the weight of the material being its 
great recommendation for this service. Mr. E. C. Mead^ ^^(^^f^le 
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Conoty, has giveu an lodian batebet and a lot of arrow-beada. Miyor 
H. C. WilliamB bas presented arrow-beadB from Fairfax Couoty ; Mr. 
Robert Barford, arrow-heade from Isle of Wight Coanty ; and from Mr. 
G. B. Moore ve have received a floe lance-bead, a pipe, pipe-stem, and 
arrow-heads, fouud on the east shore of Virginia. 

From Swth Carolina^ Rev. M. A. Cortis, of Edgecombe Coanty, 
has presented two stone axes, a collection of arrow-beads, and specimens 
of pottery. 

District of Columbia. — ^From Mrs. M. H, Schoolcraft, of the District 
of Colombia, to whose liberality we were previously indebted for large 
collections, we have received additional specimens of stone hammers, a 
stone disk, and other implements. From the Agricnlttiral Department 
we have received a very perfectly finished war mace with handle, its 
locality being unknown. Contributions of specimens from the Dis- 
trict of Columbia, were made this year by Joseph Saxton, esq., of 
the Cnited States Coast Sorvey. They include very nnmerotts examples 
of all the asnal stone implements, such as axes, chisels, hatchets, goages, 
spear-beads of very great size, tomahawks, several pertV)rated stone im- 
plements, disks, a vessel carved out of soapstone, and a great num- 
ber of arrow-heads collected on both sides of the Potomac Biver, and 
of every variety of material accessible to the Indians, mostly of quartz 
and qnartzite, slate, jasper, &c., with a large quantity of pottery frag- 
ments. 

From Maryland, Mr. F. B. McGuire, of Howard County, has pre- 
ented numerous llrrow-beads ; a lot of the same collected at West 
River has been given by Mr. W. Q, Force. Dr. C. Sutherland, United 
States Army, baa presented a stone battle ax and arrow-heads from 
near Annaimlis, and Mr. John Cameron, of Prince Qeorg^s Coanty, has 
given us a collection of over a hundred arrow-heads, neatly arranged 
for exhibition. Prom Charles Coanty, we have received fh)m Mr. 
O. X. Bryan, an industrioos collector, many objects of this class, such as 
stone knives, chisels, spear-points, pestles, hatchets, awls, and a variety 
of Indian pottery. From the same vicinity, Mr. James Slagle bns pre- 
sented arrow-heads and a qnantity of fragments of pottery. 

Penn^lvania. — Mr. J. H. Mcllv^ne, an ardent inquirer into the man- 
ners and customs of the aborigines, has presented a flue stone ax and 
a stone tom^iawk from Northnmberland Connty, a flanged stone ring 
or wheel; a stone wrought into the form of a bird; a slate chopping- 
knife and a breastplato of sheila and beads, with specimens of pottery. 
From B. Smith, Upper Darby, we acknowledge the receipt of a stone 
ax and some arrow-heads ; from B. Christ, at Kazoreth, Pennsylvania, 
two stone chisels and an ax ; th)m Harry Hoover, a flint knife aud 
avrow-beads, collected in Clearfield Coanty ; and from Dr. E. Michener 
a soapstone dish, a hoe, a namber of axes, chisels, pestles, a lot of ar- 
row-heads, a tomahawk, aud a polished ornament for the neck. 

From New Jersey, at Shrewsbury, Mr. Samuel Wilson ha^s^^^ps a 
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nnmber of Btone axes, chiaels, aud arrow-heads, a Btone tomahawk, paint 
mortar, aud pipe. From Tuckertoii, Mrs. Lewis Blackman has presented 
a stone hoe, a sinker, Domerons arrow-heads, and other stone imple- 
ments. To Isaac Les, LL. D,, of Fliiladelphia, we are indebted for a 
very fine stone ax found in New Jersey. 

JVom New York, Messrs. S. P. Forman and B. Howell, near Nich- 
ols, have contributed ethnological articles, consisting of stone flesh- 
Ing chisels, arrow-heads, and flint knives; aud also, &om Mr. MerritC,' 
near Farmingdale, we have a number of arrow-heads. From Western 
Kew York, Dr. F. B. Hough, a diUgent cooperator and acenrato observer, 
who long since began to make contributions to the Institution, has for- 
wardedfromhisoxtensivecollectionsanumberof interestingobjects. We 
may mention a bowl, or deep dish, carved in soapstone ; a stone mortar, 
a number of pipe-bowls, pipes, &c., with chisels, spear-heads, goages, 
aud an Indian cradle profusely ornamented. 

From New England, Mr. S. A. Ladd, tcom the vicinity of Mere- 
dith Village, New Hampshire, has contributed a considerable variety ol 
stone implements, ioclnding two of those remarkable chisels, or gouges, 
having a curved cutting edge ; also straight chisels, spear-heads, pestles. 
Ashing sinkers, perforated stone ornaments, aud arrow-heads. From 
Vermont, sent by Messrs. J. M. Currier, W. Q. Norris, and B. Wheelei', 
we have received a spear-head of native copper, of good workmanship, 
but much corroded. The metal of this may have been obtained iu barter 
from the Indians of Lake Superior, or from others living in Nova Scotia, 
where the native metal exists. It was accompaniA by a atone hoe, a 
flat, triangular implementwithacuttingedge, of which examples are some- 
what rare, stone pestles, aud lauce-heads. Mr. Fearing Burr has presen ted 
a cast in plaster of the most perfectly shaped pestle yet obtained, which, 
at the end grasped by the hand, is worked to a sharp edge or comb, 
pointed at one side. It was exhumed from an ancient Indian cemetery 
near Hingbam. Very large collections of stone implements have been 
leceived from Dr. W. Wood, of East Windsor Hill, Connecticut, who 
has devoted mneh time and exhibited great zeal in this branch ol 
research as well as in'others connected with natural history. A hberal 
donation is recorded from him of axes, hammers, chisels, spear-heads, 
knjves, gouges, pestles, perforated stones and hoes, and from these and 
other parcels received from him, it may be justly inferred that hid vicinity 
was densely populated in former times by the savages who wrought 
these articles. 

Canada, Xeic Brunswick, dx. — Much attention has been excited in the 
Dominion of Canada upon the subject of aboriginal remains, chinfly 
through the exertions of Principal Dawson, of McGill University, Mon- 
treal, from whom a valuable series of Indian pottery, pipes of stone osd 
earthenware, perforated stone implements, &c, has been received. 
Professor L. W. Bailey, of New Brunswick, also has presented several 
stone axes, strings of wampum, spear-points, aud arrow-heads, which 
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were collected in hn Ticioity. From a long-esteemed correspondent of 
the Institution, Mr. W. B. Ouest, formerly of Ogdensburg, New York, 
now of Canada, bare been received a nnmber of carionsly- worked bone 
implements, chiefly awls or perforators, employed anciently in sewing 
leather garments and moccasins. An nnknown donor has sent ns a tine 
sample of the heavy stone manls nsed by the monnd builders or tbcir 
predecessors, in mininf; the natire metallic copper from the Lake Supe- 
rior region, where the vast deposits of this metal were resorted to for the 
materials ont of which to make spears, tomahawks, fish-hooks, sinkers, 
and personal ornaments. 

Mexico. — ^From otherdistricts not inclnded within the United States, the 
Institation has received important contributions in ethnology. Dr. Sar- 
torins, from near Mirador, in Mexico, has sent specimens of the stone im- 
plements and ornaments formerly in nse among the aboriginal races of 
that country. Some of these, namely, the perforated ornaments, beads, 
knives, and chisels, are prepared from a variety of jade — a hard green 
mineral, held sacred by the natives — and others, sncbasknives, flakes and 
arrow-pointa, are of obsidian, a material from which long-blnded portions 
cao be flaked off by a slight pressure on the sides of the core. The tra- 
ditional knife for the rite of curcnmcision among the Jews was of atone, 
and the suggestion has been made by Br. Foreman that the custom 
originated with a people living in Asia Minor or Arabia during the stone 
age. This collection also contains earthenware images, saucers, incen- 
sories, bowls, cups, candlosticka with and without bandies, together witb 
domestic ntenslls made of dried gourds, which are sometimes converted 
into children's rattles. Alt these are of modem workmanship and now 
in ase among the people of the country. From Dr. Sumichrast, also of 
Mexico, we have received a perforated stone tube — probably part of a 
pipe. 

Porto Rico, West Indies. — From Porio Rico, George Latimer, esq., 
who has long been a very liberal contributor to the collections of the 
Institation, has sent three additional apecimens of remarkable elliptical 
stone rings, resembling an ordinary horse collar, made from a very hard 
syenite rock, and carefully sculptured and polished. It is suggested that 
they were placed on the neck of the human sacrificial victims during 
religious ceremonies, probably for effecting strangulation before the fatal 
stroke of the obsidian knife. One of them is of a different pattern, being 
6hni>ed like a horseshoe, or the letter TJ, and of more massive proper- 
tions. Included in this interesting collection are also several ancient 
stone cbisela similar to those found in the United States, and a nnmber 
of terra-cotta images of grotesque form. 

From Barbadoes, West Indies, through the kindnesa of Granville 
Cheater, esq., we have obtained several ornaments of carved ahells and 
a hatchet of the same material. Articles made of shell are now exciting 
much interest, as this substance seems to have been widely employed at 
as early a period as that of the age of the mound.builders. ^ .doqIc 
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British Quiama.—P. Figyelmesy, esq., tTnited States consul, has pre- 
sented a valnable series of articles in ose among the tribes of IndiaDS 
now living in the interior of that country, including sets of bows and 
arrows, war clubs, a blow-gun, with two cases of arrows poisoned with 
tbe wourali; an emblem of oCBce, consisting of a clnb and a paddle com- 
bined ; a atone chisel, and alao head dresses, made of brilliant 
colored feathers, bracelets of the green and gold wing cases of a large 
Bpecies of beetle, {Buprestis,) beaded aprons worn by females, a necklace 
of tbe teeth of tbe peccary, and a dute constracted of the long bones of 
a wading bird. 

From Caitrai America, Dr. Earl FKnt, while examining tbe Island of 
Ornatep^, in Lake Nicaragua, obtained for the Institation, fh)m aucieot 
tombs, an Idol and three earthenware vases of much interest. From 
Chiriqui, an nnknown donor has contribated an earthenware vase. 

FraTice. — ^The prehistoric caverns and rock shelters of France, under 
the persevering investigation of Professor E. Lartet, have yielded 
such a harvest of precioas relics, and of ingenious and interesting do- 
dnctions, as to have conferred on him a world-wide renown. Out of 
his abundant materials be has with much liberality presented to the 
Institution several cases filled with objects, of ^hicb it will suffice to 
enumerate a few prominent specimens. Of the auimals contempo- 
raneous with man in those obscure times, there are bones of tbe horse, 
some of them gnawed by wolves ; of the aurochs, rhinoceros, wild goat, 
chamois, hyena, reindeer, including a very perfect jaw and teeth of the 
cave-bear. Associated with these axe two small bones of the human 
skeleton, apparently belonging to the phalanges of the hand. Among 
tbe implements of war, of domestic ose, and articles of ornament, are 
casts of bone implements, chiefly for making perforations,' stoue knives, 
sculptured born of reindeer, and bone aigrettes, probably for fasteniug 
skin or fur dresses ; also a mortar for grinding grain or fruits, and casts 
of arrow-heads, in forms very similar to those of American specimens; 
and many flakes of flint struck from the core while making knives, 
arrow-points, or other articles. The European flint is better adapted 
to this manuthcture than any stone found in America, except obsidian. 
These flint chips were gathered from fourteen difierent localities in 
France, indicating the prevalence of the art of forming catting imple- 
ments of stone and the density of tbe population. Professor Lartet, 
has also contributed several large masses of the breccia which occupies 
tbe floor of the caves, consisting of bones and teeth of animals, flint 
flakes, pebbles, and other objects cemented together into a solid pave- 
ment. The composition of these masses apparently indicates the great 
antiquity of man, since they present the stone implements of his con- 
struction embedded in the same materials with the bones of the rhinoc- 
eros and other extinct animals. The most remarkable portion of this 
collection may, however, be said to consist of tbe illustrations of^the 
art of sculpture as it existed among the prehistoric races. The material 
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employed was the broad portion of the horns of the reindeer or the 
ivory tnsks of the elephant. These carringB exhibit a remiirkable ap- 
preciation of form and composition, undonbtedly derived from constant 
ohaerratioD of the vUd animals depicted. They chiefly represent the 
more remarkable quadrupeds, such as the elephant, reindeer, bear, 
aorochs, &c. These are all exhibited in motion or in striking attitudes, 
Buch as leaping, fighting, or flying from pursuit 

Polynesia, — It is proper here to record an addition to the coliections 
from Commodore John H. Aullck, United States Navy, consisting of a 
large cape or mantle entirely covered with brilliant plumage of scarlet, 
gold, and black feathers, derived from birds which are extremely rare 
in that country. It was made for the personal decoration of King 
Kamehainelia on state occasions, and presented by his M^esty to the 
commodore when he officially visited the Sandwich Islands, some years 
ago. From Commodore Magruder, United States Savj, we have re- 
ceived several warlike implements of the Fe^ee Islands. 

Meteoeology. — Thesysteminauguratedatthebegiuningof the In- 
Btitntion has been carried on as usual during the past year. The nhole 
number of observers reporting to the Institution during this i)eriod has 
been 479, and to the Medical Departmeut of the United States Army. 
120, making in all 509. Among these, 167 report indications of the 
barometer and the other instruments, and tLe remainder those of the 
thermometer, rain-gauge, and wiud-vaue. Owing to the necessarily un- 
settled condition of the army since the war, many changes have taken 
place in the posts at which observations are made, and therefore the 
permanent, or, rather, normal condition of the whole system has not yet 
been established. I say " normal" because, since the observations made 
for the Institution are from voluntary observers, and some changes mnst 
take place in the disposition of troops, therefore more or less variation 
in the number and locality of points of observation must always occur, 
and a condition of absolute permanency is not to be expected. Nearly 
an the material that has been collected by the Institution during the 
last twenty years is in the hands of computer, with the exception of 
that relative to the rain-fall, which has been discussed and of which the 
results are now passing through the press. The material relative to tem- 
perature has been put in charge of Mr. Charles A. Scbott, and will be 
completed during the present year, provided the usual number of com- 
puters are retained. The discussion of the material relative to the 
winds of the northern hemisphere, collected by the Institution fix>m 
various sources, is in charge of Professor Coffin, of Lafayette College, 
who, with A number of assistants, will press on the work of its reduc- 
tion and discussion as rapidly as the means appropriated for the purpose 
will allow. The previous discussion of the winds of the same region by 
Professor Coffin, published in the transactions of the Institution, has 
been adopted as a part of the basis of the pilot charts of the British 
Hydrographic Office, which fact may serve as an indicationi of^tj^QiTialli^ 
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attached to the pablicatioua of oar tDstitntion and to the labors of one 
of its collaborators. Few persons not faavitig exporience in tbe matter 
could imagine the amoont of labor required in the redaction and dis- 
cussion of physical observations. In the .case of the observations re- 
ported to the Smithsonian lustitation nearly three millions of figures 
have to be gone over. ■ But this is not all. Vorions hypoLhcHes have to 
be provisionally assumed, and the dednotions from them tested by com- 
parison with, the actual resnlts of observations, while many special re- 
sults have to be deduced in accordance with previonsly established for* 
mulns. The result of the discussion of the rain-fall, besides being given 
in tables, is illustrated by curves and rain-charts. The printing of the 
tables is necessarily a slow operation, requiring special care in the cor- 
rection of the proof. The printing of the charts haa been facilitated by 
exhibiting the relative fall of rain in each part of the country by dif- 
ferent depths of shading in tbeoriginal engraving, the distinction being 
made more obvions by a second printing in a single color. The rain- 
charts are three in number ; one uchibits the relative fail of rain for the 
whole year; another for tbe three months of summer; and a third dur- 
ing tbe months of winter. For agricultural purposes the rain-fail in the 
summer is most important, but data are given in the tables to ascertain 
it for every month of the year. 

The distribution of rain is very materially affected by the prevailing 
direction of the wind, and this again is modified by the declination of 
the sun, a fact which must be evident when we consider that the motive 
power of the great currents of the aerial ocean is the greater heat of 
the equatorial regions derived from the perpendicular rays of the son, 
which, expanding the air, causes it to ascend and Sow over in each 
direction toward the poles. The medial line along which this expansion 
takes place must move north and south with tbe sun in his varying de- 
clination. If the earth were covered entirely with water, and were at 
rest, the currents of the air would be comparatively simple; but, since 
the earth is in arapid rotatory motion eastward, the currents which fiow 
at the surface toward the medial line move on one side from the north- 
east and on the other fW>m the southeast, thus forming what are called 
the " trade- winds," while the same currents continued upward and 
northward on one side, and upward and sonthward on the other, cvrt- 
ing eastward, form the great stream of western return-trades which in 
the northern hemisphere. In summer, continually flow over tho United 
States, at a high elevation, and which waft the higher clouds eastward, 
giving a similar direction to the principal storms of every season. In 
midsummer, when tbe medial line wo have referred to is carried north- 
ward by the northern declination of the sun, the upper current reaches 
the earth beyond the fiftieth parallel of latitude, and precipitates the 
vapor which it brings &om the Pacific Ocean in the form of rain on the 
western coast of America, to the depth, at Sitka, of ninety inches. As 
the suu declines to the south tbe rain belt gradually descends ido^ the 
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=oast ants it reaches, in dimiulsbed qnantity, the soutliern iiortioii of 
Oalifortiia. As the son ascends again toward the north the miii niso 
gradually returns northward, nntil it leaves almost entirely, during the 
Bummer, that portion of the western coast south of 50° north latitude. 

The primary ctirrenta of air we have mentioned are modifieil by tho 
varying relative temperature of the ocean and the continents. The 
capacity of water for heat being about six times that of land, the latter 
becomes relatively much warmer in summer and colder in winter than 
the former; and since the air at the snrfoce of the earth tends to flow 
from the colder to the warmer region, there must be a tendency of the 
wind from the ocean toward the land in summer, and the contrary in 
winter; though this may not be powerful enongb to reverse the general 
currents, it is yet sufficiently so to produce in them the modifications of a 
very |>erceptiblc character. In summer, the greater heat of the surface 
of the middle portion of Iforth America keeps the return trade-cuncnt 
at a high elevation, and produces a surface current from the Gulf of 
Mexico, which, on account of the motion of tho earth, assumes a direc- 
tion firom soathwest to northeast, bearing with it the moisture which is 
precipitated in rain, principally throughout the region east of the Mis- 
sissippi Biver. Were the earth at rest the same current would How 
over the whole of the Mississippi Valley to the base of the Rocky Moun- 
tains, and the aridity of the western portion of this region would no longer 
exist. 

In winter, when the upper current, after sweeping across the Pacific 
Ocean, ascends along the western slopes of the mountains, it precipi- 
tates its moisture on their crest in the form of snow, which, melting in 
summer, gives rise to numerous streams which, although not sufficient to 
irrigate all the region between the Rocky Mountains and the fertile 
country adjoining the Mississippi on the west, may yet, by well-directed 
enterprise, serve very much to circumscribe the arid regions in the 
Mississippi Valley, as well as to mitigate the droughts of the great in- 
terior basins of the mountain system. 

In summer, the sun approaching, in its northern declination, a posi- 
tion nearly vertical to the extremity of the Peninsula of Florida, heats 
the land and produces inflowing and upward currents of air, charged 
with moisture, which, perhaps more frequently in the after-part of the 
day, falls in copious showers. In winter, on the contrary, the sun being 
far south of the latitude of Florida, the surface currents are almost 
neutralized, or tend to flow from the land, and, hence, the rain-fall at 
this season is much less. 

In the region east of the Mississippi, including the whole Appalachian 
system, the direction of the surface wind is the same as that of the trend 
of the mountains, and hence both sides and crests of the latter and in- 
tervening valleys are covered with vegetation. 

The region along the eastern const of the United States is also sup- 
plied with vapor from the Atlantic Ocean, which is borne inland in all > 
coses where an approaching storm gives rise to a wind from an easterly^ 
4s 
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direction. The preceding sketch gives a general explanation of the 
marked contrast between the raiu-fall of the eastern and western halves 
of tho United States. 

Most of the records of meteorological phenomena which were made 
previous to a comparatively late date had for their object the determin- 
ation of, what may he called, the statical condition of the weather in dif- 
fereiit places, or, in other words, the determination of the average atmo- 
spheric pressure, temperature, direction of the wind, and the fall of rain. 
A knowledge of these elements is of great importance in ascertaining the 
relative climates of different countries, particularly in regard to sanitary 
and agricultural considerations. In later years, however, systems of 
meteorology have been established having more especially for their ob- 
ject tho record of the simultaneous conditions of the atmosphere in differ- 
ent portions of the earth, and the origin and progress of storms ; that is, 
to discover, if possible, tho dynamic principles which regulate the phe- 
nomena of the weather. Systems of this kind have been established in 
almost every part of Europe and in several parts of Asia, oven in Turkey, 
in the Rast Indies, and in North America. These systems are not only 
intended to indicate the laws according to which the atmospheric dis- 
turbances are produced, but, also, to predict, by the aid of the telegraph, 
the weather that may be expected within a given time. 

The Smithsonian Institution was the first to make use of tlie tele- 
graph for this purpose. Tho state of tbe barometer and thermometer 
and the direction of the wind were received from tbe various telegraphic 
stations at S o'clock each morning and recorded on a large map fastened 
to a board, into which small iron pins were driven to support circular 
cards of different colors, which indicated tbe character of the sky and 
of tbe weather — whether cloudy or clear, raining or snowing. On each 
card was drawn an arrow, the direction of which coidd be varied by 
suspending the card from one of eight holes with which it was pierced. 
A glance at this map showed at once the condition of the sky and direc- 
tion of the wind over the whole country, and knowing from previous 
observation the direction of the movement of storms, the weather could, 
in most eases, bo predicted, frequently more than a day in advance. 
In Europe tbe prediction of the weather is fonnded ou the probable 
direction of the wind at a given place as deduced from telegrams 
giving tbe maximum and minimum pressures of tbe nir as indicated 
by the barometer. It has been found from observation that the 
wind which may be expected will blow nearly at right angles to a line 
joining the maximum and minimum pressure of tbe air, and that the 
face being turned toward the minimum point, tbe wind will come from 
the left-band side. This rule, however, may be theoretically deduced 
from the movement of the air in the form of a cyclone, but will scarcely 
hold true in case of tho storms observed in the eastern portions of the 
United States. Tbe storms that visit tho west of Europe nro those 
which come directlv from the ocean, where tho cyclonal character of the 
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wind finds little disturbance from inequality of enrface, while tLe storuia 
on the opiK>sit« American coast hare their origin far inland, and are sab- 
ject to greatchanges of form by mountains or other obstructions in their 
passage to the Atlantic Ocean. The system adopted by the Institution 
for predicting changes in the weather was interrnpted by the war, and 
since the restoration of peace the telegraph companies conld not be in- 
duced to furnish the transmission of the necessary telegrams free of 
charge; and as this project was intended as a practical application of 
science and would require a much larger appropriation for its support 
than could be afforded by the Smithson fund, the proposition to renew 
the system has been allowed to rest At the present session of Congress, 
however, a resolution was offered hy Mr. Paine, of Wisconsin, which 
was adopted, authorizing an appropriation of $25,000 for a system of 
weather signals, especially along the northern lakes. The general direc- 
tion of this system has been placed in charge of the Chief of the Signal 
Corps of the Array, General Myer, The plans which have been adopted 
for the carrjing out of the proposed object have not be«n communicated 
to the Institution. We shall, however, be ready to give any advice or 
assistance in conducting the enterprise which may be required, and also 
to avail ourselves of any facilities which it may afford us in the study 
of the climatology of the northern hemisphere. 

KespcctfuUy submitted. 

JOSEPH HENBT. 

Januaey, 1870. 
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Tabu shotciiM the entries in the record boola of tke Smitktonian Sfaseum 
in 1868 and 1869. 
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The total nnmber of entries daring the year thoa amounts to 16,255; 
of which nearly 5,000 are birds and 1,800 ethnological objects; 1,400 
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AMitimw to the collections of the Smithsonian Institution in 1S69. 

Alden, Dr. 0. B,, United States Army. — One box fossil bones and teeth, 
WyomiDg TerritoiTr. 

Allard, C. T. — Gollection of mineral^ IlUaois. 

Athena, Greece; Museum of Natural History. — Fossil bones from Monot 
Pikermt. 

Aulick, Commodore John S., United States Navy. — Featber cape of 
Eing Kamehamaha, from Sandwich Islands. 

Atey, Adam. — Indian spear head, Indiana. 

Baird, Profesior 8. F.—Skxx\\ of mephitis, Massacfansetts ; portions of 
skeleton of whale, Grand Manan, New Brunswick ; bones, stone imple- 
ments, &e., from caves near Carlisle, Pennsylvania: 40 skulls of porpoise. 
Bay of Fuudy ; bones and relics from shell mounds, Maine. 

Barnes, Major General J. K., Surgeon General United States Army. — 
See Washington, Medical Department United States Army. 

Barratt, Ih. Moats. — ludian relics and fresh-water shells, Wisconsin. 

Barthot/, Dr. John A., United States Army. — Ardea lierodias, Missis- 
sippi. 

Beaies, A. C, hospital steward United States Army. — Box bird skins, 
North Carolina. 

Bekrens, James. — One box insects, California. 

Biddle, Leopold, — Carboniferous fossil, stone chisel, &c, Iowa. 

Bischo^, Ferd. — Eight boxes zoological collections, from Alaska. 

Blackburn, George and Charles. — One box birds' eggs, Iowa. 

Blaclcman, Mrs. Leah. — One box Indian stone relics, &c., New Jersey. 

Blakeslee, C. T. — One hornet nest, Ohio. 

Boardtnan, O. A. — Indian relics from shell heaps of Maine; and 100 
skins of birds from Florida. 

BoUes, Sev. E. C. — Box of shells, {Lymnea ampla,) Maine. 

Boumrd, A. — Coleoptera and reptiles from Mexico. 

Breslau, E.; Ober-Berg-Amt. — Collection of minerals and fossils of 
Germany. 

Breroort, J. Carson. — South American deer in desh. 

Bryan, O, N. — Miscellaneous Indian relics, Maryland. 

Burr, Fearing. — Cast of Indian stone pestle, Massachusetts. 

Byrne, Dr. C. C, United States Army. — Indian stone scrapers, Ar- 
kansas. 

Cambridge; Herbarium of Harvard College. — One box .seeds of acacia, 
&c., Anstralia. 

Cameron, John. — One card Indian arrow-beads, Maryland. 

Canfield, Dr. O. A. — One box marine animals, and two boxes nestg 
and eggs, California. 

Capel, J. E. — Bones of elk from Canada. 

Gapron, General H,, Commissioner of Affriculture.—Soe Washington, De- 
partment of Agriculture. 

Carter, Mr. — One box fossils and minerals from near Fort Bridger. 

Charhonnier,Dr. A. Y., United StatesArmy. — Miuerals and fossils from 
Mammotb Cave, Kentucky. 

Chester, Rev. G. T. — Three shell implements, Barbadoes. 

Chicago; Academy of Sciences. — Copy in terra cotta of an image from a 
monad, Missoiui ; electrotype cast of copper-knife from mound in Uli- 
Dois ; cast of ancient vase. 

Christ, Richard. — Egg of Sawwhet owl, Pennsylvania. 

Clark, H. — Indian lottery, stone and shell implements, skulls, &c., 
Florida. .DO^Ie 
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Collett, John. — ^Three Indian arrows, trilobites, fossil ferns, &c., Indi- 
ana 

Coue»j Dr. E. — ^Two boxes bird skins and osteological collections, Kortb 
Carolioa. 

Crocker, AlUn. — Fossils and zoological specimens, Kansas. 

Currier, Br. J. M. — Indian stone relies, Vermont. 

Curtis, Rev. M. A. — ^Teetb of cyprinoid fisb, Indian relics, and Indian 
beads from a grave, North Carolina. 

Dallf W. H. — Paper currency from Pekin, China; and 22 boxes zoolo- 
gical and ethnological collections from Alaska. 

Davia, J. H. — Skin of panther. 

Jkivia, H. — Fossil coralline, (T) Minnesota. 

Davis, Dr. Samuel. — Indian stone relics, Indiana. 

DeCreni, P. A. — Specimen of magnetic rock, Martinique. 

De la Verney, Afr.— Supposed meteorite, New York, 

De Oca, R. Monies. — Mounted peccary, (Dicotyl^ lorquataa,) Mexico. 

De Selding, CAarfe«,-r-SknU of dog, Tennessee ; bit and reins of bridlo 
from Lima, South America ; black slat« carved pipe, Northwest Pacific \ 
fisbing line, hook, and net, Otaheite. 

De^na, J. W. — One box copper and silver ores, &c, Mexico and Cali- 
fornia. 

Denny, Henry. — Set of casts of the great seals of England; skull of 
dog and portion of pelvis of rhinoceros from Dowkerbottom Cave, Eng- 
land ; Euplectella spedosa, Philippine Islands; fossil crinoid, ( Woodocri- 
nus,) from York, England. 

Departnient of Agriculture, General H. Capron. — Monnted rabbit, nest 
of oriole, stone war-club, &c., Penusylvania. 

Deatruge, Dr. A. — Two boxes birds, Ecuador. 

Dille, Mr. — Teetli of fossil horse, Illinois. 

Dodd, P. 8. — Eggs of tern, merganser and ring plover, Nova Scotia. 

Edwards, Atnory. — Skins of sis species of jay, California. 

Edicards, Henry. — One box insects, and living Helix arrosa, California. 

Endres, J. E. — Two boxes of humming btnls, Costa Kica. 

Fauntleroy, Thomas TF.,iwr 0. N. Bryan. — Indian mortar, axe, &c., Vir- 
ginia. 

Femald, Charles. — Neuroptsrons insects, California. 

Fif}yelmesey, P., United States ConsuL — Three boxes birds, insects, and 
curiosities, British Guiana. 

Flint, Dr. Earl. — Ancient pottery and seeds of the turkey flower, 
Nicaragua. 

Force, Henry C. — Shell ornaments from Casa Blauca, near Gila River, 
with fragments of pottery, stone axe, &c. 

Foreman, Steplien. — ludian relics. New York, 

Gardner, E. F. — ludian relics from shell heaps, Maine. 

Gardner, Dr. W. H., United States Army. — Indian Implements and 
relics, Dakota. 

Geisdorf, Dr. — Two skulls of Indians and one beaver sknll, Montana 
Territory. 

Ghiselin, Dr. J. T., United States Anny. — Indian implements, &c,, Ore- 
gon. 

Giddings, Edtcard. — Skulls of Nisqually Indin^n and of mammals ; ser- 
pula, and casts of shells, Washington Territory. 

Gilliss, John B. — Skull and other bones of human skeleton, Utah. 

QoBS, B. F. — One box birds' eggs, Wisconsin, 

Gray, Dr. C. C, United States Army. — Skeleton of Indian child, Da- 
kota. 
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Grayson, Colonel A. J. — Foar boxes birds, insects, &c., Mexico. 

Griffith, Amoa L. — Nt^st of Immmiag bird, Teunessee. 

Grinnan, A. G. — Indian stone implements, Virginia. 

Gruber, Ferdinand. — Six skins Harporhychew redivivm, California; 
and one box birds, Australia and California. 

Hagan, J. W. — Indian stone relics, Kentucky. 

Ball^ i)r. E. — Indian stone relics, Illinois. 

Hancock, E. M. — Birds' eggs, Iowa. 

Harper, W. J. W. — One box shells, California, 

Hayden, Dr. F. V. — Ancient soapstone bowl, Wyoming Territory; 
and S2 boxes geological and other collections, Colorado. 

Raymond, Leigh. — Indian stone implements, Indiana. 

Haymo)td, Dr. Ru/us. — One box Indian stone relics, Indiana. 

Heverin, John T. — Menopoma allegliantengia, Missouri. 

Holmes, Professor F. S. — Phosphate of lime from Ashley River, South 
Carolina. 

Howe, Rev. 8. 8. — Indian pipe and other relics, Dakota and loica. 

HojHe, Walter. — One box birds and birds' eggs. South Carolina. 

Hough, Dr. F. B. — Bones of Sus from depth of 18 feet in Loess, and one 
box Indian relics, Xew York and Canada. 

Boy, Dr. F. R. — Skull of a Pottawatomie chief and Indian rase &om 
mound ; also birds' nests and eggs, Wisconsin. 

Hubbard, Dr. E, W. — Helices from various localities. 

Hudson, W. H. — ^Two boxes birds, Buenos Ayres. 

Hurt & Bros. — Box iron ore, clay, &c., Virginia. 

Jewett, Colonel E. — Corallines in ebalcetlony, Florida. 

Jones, Rep. C. M. — One box birds, Connecticut. 

Keenan, T. J. R. — Two boxes iuseet.s, one box shells, Sliasissippi. 

Kelley, Dr. A. Way, United States Army. — Fragment of tooth of mas- 
to^lon, Mississippi. 

KUpatrick, General J. — Mummied child from Arica, Peru. 

Kimball, Dr. J. P., United 8tates Army. — Indian scalps, nittle, &c, 

Kitig, Clarence, — Twenty-six boxes and two kegs, geological and natn- 
ral history collections from Utah. 

Kirkby, Rev. W. IV.— One box specimens natural history, birds' egg.s, 
&c., Fort Simpson, Hudson Bay Territorj-. 

Kluge, Dr. J. P. — Beptiles and insects, Panama. 

Knudsen, Valdemar. — Ninety human crania. Sandwich Islands. 

Ladd, S. A. — Twelve Indian stone relics, New Hampshire. 

Lartet, Prof. E. — One box prehistoric remains, France. 

L<Ui>ner, George. — One box bird skins and one box stone implements, 
Porto Kico. 

Lawrence, 6. N. — Grtumlus mexicanus mounted, Cuba. 

Le Carpentier, Jules. — One box beetles, New Mexico. 

Lea, Isaac. — Indian stone axe, Pennsylvania; s{>ecimen of granite per- 
forated by PItolas, Nantes, France. 

Lee, Dr. J. — Golden eagle in tlesb, Maryland. 

Leer, James. — Lignite and iron pyrites, District of Columbia. 

Leicis, Dr. James.— One box fresh-water univalves, New York. 

Lewis, 8. G. — Diallogite and other minerals, California. 

Limpert, W. R. — Indian stone relics and eggs of woodcock, mallard, 
&c., Ohio. 

Lincecum, Dr. Gideon. — One box Leptdoptera, Texas. 

Lincecum, G. W. — Humming birds, and four boxes birds, insects, &c., 
Texas. 

Loekhart, James. — One box insects, Hudson Bay Territory. ,()oq[c 
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London; Royal Coliege of Surgeons, through Professor Flower. — Skulls 
of liou, tiger, Jockall, &c. 

Lyons, Dr. \V. B. — Fossil saurians, New Mexico. 

Lyons, E., Hospital Steicard, United SMes Army. — Indian implements, 
Dakota. 

March, William T. — One box birds, Jamaica. 

Mattheics, Dr. W., United Slates Army. — Bird-skins, eggs, &e., Dakota. 

Maynard, E. J. — One box bird skins, Florida. 

McVoughtry, Miss E. G, — Indian stone implements, Keutacky. 

McCoy, Miss E. M. — ludian arrow-beads, Indiana. 

McCoy and MaxiceU, Drs. — Massasauga rattlesnake, Indiana. 

Mcllvai)ie, J. H. — Collection of bird skins and Indian relics, Pennsyl- 
rania. 

McKee, Dr. J. C, United States Army. — Navjyo bracelet, Indian Terri- 
tory. 

McWeen, J. M. — Skull of mound -builder, Indiana. 

Merritt, J. C. — Indian aiTow-Iieads, New York. 

Moffati, Dr. P., United States Army. — Indian implements, Oregon. 

Michener, Dr. E. — Indian stone relics and type specimen of Euspiza 
townscndii, Pennsylvania. 

Michener, Captain J. — Skin of purple gallinule and ancient relics in 
iron and brass, Maine. 

Mifborn, Caleb. — Car\-ing in ornamental green marble, Delaware. 

Minor, Dr. T. T. — Five boxes ethnology and natural history, two 
skeletons of sea otter, and box of Indian curiosities, Alaska. 

Montreal; McGiU Unirersily, from Principal Daieson. — One box Indian 
antiquities, Indian axes, &c., Canada, 

Moore, C. R. — Indian pipes, arrow-heads, &c.. Eastern Shore of Vir- 
ginia. 

Morris, W. F. — Head of diamond rattlesnake, Mississippi. 

Nelson, Peter. — Teeth and bones of mastodon, Florida. 

Newsom, W.Leicis. — Acanecarvod by Andrcw01iver,arevolutionary 
soldier, and prisoner to the British in 1783, New York. 

Neic York; Central Park Commission. — Two living European swans, 
Kew York. 

Xicboh, Dr. — Raccoon in the flesh, District of Columbia. 

Xiron, J. Sharpe. — One bird (Retfulua satrapa) in flesh, Pennsylvania. 

Norris, IT. W. — Indian stone relics, Vermont. 

Korris, W. G. — Indian stone relics, Vermont. 

Orton, Professor, — Collection of birtl skin.s, Ecuador. 

Otis, Dr. George A., United States Army. — Four sets bowa, bow cases, 
quivers, and ludian trinkets, fiom the battle-ground of Washita River, 
Indian Territorj-. 

Palmer, Dr. E. — On© box birds' nests and eggs. Fort Wingate. 

Parker, H. G. — Bill of white pelican, &c., Nevada. 

Parrish, Henry M. — Egg of screech owl, Alabama. 

Philadelphia; Academy of Natural Sciences. — Egg oiAlca impennis, or 
great auk, Iceland. 

Phillips, M. W. S. — Indian stone relics, Kentacky. 

Pitch, Captain, through Agricultural Department. — One crab } Caribbean 
Sea. 

Plumho, G. — Indian stone relics, Kentucky, 

Plmnmer, R., and Comegys, H. C. — Twenty-three bird skins. Con- 
nectieat, 

Portland; Society of Natural History. — Postpleiscene fossils, Maine. 

Poaf, /)?■.& J.— Quartz geodes, Syria. , Cji>(.>ylc 
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Poiccll, Dr. R., United States Army, — Bow, quiver, &c., Pitt Eiver 
Indiaus, Oregou. 

Rarenel, Dr. — Land shells and alcoholic preparations, Texas, 

JUeve, J. F. — Collection of bird skins, Ecuador, 

Keincrf, Dr. Paul. — Tliree paeliagea of dried plants, Germany. 

Reynolds, Dr. R. M. — Indian pottery, arrow-heads, &c., Alabama. 

Ridgway, Robert. — One box birds, Illinois. 

Riag, Lieutenant F, M., United States Army. — Forty-two objects Indian 
cariosities, Alaska. 

Robinson, WindJtam. — Bones of young mastodon, &c., Virginia. 

Rothhammer, Dr. 8. M. — One Indian soapstone dish, Florida. 

Sarlorius, Dr. C. — One box specimens of natural history and ethnology, 
and a s^tecimen of Lystra ceri/era, Mexico. 

Saxtott, Joseph. — Indian stone relics, seeds, &e., District of Columbia, 

Scammon, Captain C. M. — Rostraui of sword-fish, Pacific Ocean ; one 
fceg alcoholic 8i>ecimeDS, skulls of seals, skins of fur seal, cetacean skulls, 
&c., PiKiific Coast. 

Schlatter, William. — One package birds' nests, Germany. 

Sckulti, Dr. C. F. — Indian stone axe, Pennsylvania. 

Sclater, Dr. P. £,— Nine bird skins, Bogota. 

Sessions, Lewis. — Nest and eggs of birds, Connecticut. 

Shanks, William. — Indian stone relics, Indiana. 

Shimer, H. — Electro copy of an Indian copper knife, Illinois. 

Smith, Benjamin H. — Indian stone relics, Pennsylvania. 

Smith, Hamilton. — Two polished Indian implements of quartz, Indiana. 

St. John; Natural History Society, — UevoniatL fossil plants. New 
Brunswick. 

Stearns, R. JE. C. — Gollectionsof ancient relicsfromsbellheaps; twenty- 
two species of shells in alcobol, Florida. 

Sternberg, Dr. O, M., United States Army. — Burial case of an Indian 
child, five boxes vertebrate and other fossils, Kansas. 

Stevenson, James. — Arapahoe (Indian) saddle, Wyoming Territory. 

Stimpson, Dr. William. — Indian shell implement, Flori<la. 

Storrow, Dr. E., United States Army. — Indian implements and relics, 
Idaho Tcrritorj'. 

Samichrast^pr. F. — ^Tbree boxes birds, mammals, reptiles, &c., Mexico. 

Sici/t, Dr. E., United States Army. — Indian potterj-, stone implements, 
pipes, &c., Louisiana. 

Tate, Ralph. — One box shells, Nicaragua. 

Thomas, General G. H., United States Army. — Bones of walroa, and 
one bos coal, Alaska. * 

Thompson, R. O. — Three fossil shells, Missouri. 

Throckmorton, Mrs. — Indian Stone mortar, Arkansas. 

Todd, Dr, W. H. — Indian relics from shell heaps, Maine. 

Totten, Dr. G. M. — Cormorant and flying iish. Straits of Magellan. 

Turner, Granville. — Indian stone relics, Illinois. 

Unknown, — Ono box specimens of coal, one box alcobolic specimens 
insects. 

Vanardale, Henry, — Indian stone hatchet, Indiana. 

Watptcr, Dr, Clinton, United States Army. — Squirrel and bird skins 
and Indian implements, &c., Idaho Territory. 

Wakejietd, Dr. — Skin of wren, Campylorhyncus brutineicapiHus, Sonora. 

Warner, John G. — Si)ccimen8 of rotten stone, Pennsylvania. 

Wasliburn, Hon, Thomas. — Indian arrowheads, Indiana. 

Washington; Army Medical Museum. — See Medical Department United 
States Army. 
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Washington; Medical Department United States Army. — See Drs. Alden, 
Bynie, Cherbonnier, Gardner, Ghiselin, Gray, Kelley, Eimball, Lyous, 
W, B., StcKee, Moffatt, Otis, Powell, Reynolds, Sternberg, Storror, Swift, 
Wagner, White, Wbitebead, and Lyons, B., boapital steward. United 
States Army. 

Washington, Agricultural Department United States. — See Caprou, 
General H., Kaveuel, Dr., Geisdorf, Dr. 

WelUttood, Stephen. — Cane madoof wood of steamer CliarlotteDundaa, 
1803, Scotland. 

Wlieeler.Buel. — Indian stone relics, Vermont. 

White, Dr. R. H., United States Army. — Ancient pott«ry irom mound, 
Alabama. 

Whitehead, Dr. W.E., United States Army. — Indianimplements, Wash- 
ington Territory. 

Whitney, Joseph. — Indian beads, (;ouge cbisel, &c., Main& 

Wilkinson, 8. L. — Collection of Indian relics, minerals, plants, Ten- 
nessee. 

Williams, H. C. — Stone implement, Virginia. 

Wilson, Dr. 8. W. — Fonr liTing Amphiuma, Georgia. 

Wilsoti, Samuel. — Indian stone implements, New Jersey. 

Wilson, Thaddeus. — Indian stone relics, New York. 

Wingate, John D. — Two salamanders and box of insects, Indiana. 

Tales, Dr. L. 0. — Indian skulls and fossil ox bones, and Indian stone 
relics, California. 

Xeager, ^r.— Indian arrow-heads, flint-flakes, &c., New York. 

Young, Nathan. — Specimens in alcobol, Indiana. 



idbyGoOglC 



IITERARY AND-SCIEJITIFIC EXCHANGES. 



Table shoicing the statistics of the Smithsonian exchanges in I 



Agent ODd country. 


i 


i 

V 


•s 

1 

J 


h 

"si 


= 1 


Dr. Felix Flligel, Leipsic : 


73 

690 
60 


62 
649 
65 




1 






















723 


79G 


42 


419 i 10,6-25 




Eoyal Swedisb Society of Scienees, Btook- 
holm: 


16 


19 


2 

1 


j 






Eoyal Univereity, Christiania; 


10 


U 


ni ^ 






Royal DttnisU Bociety of 8cionce§, Copen- 
hagen: 


I 
20 


1 
22 


I 
















21 


23 


3 










64 
36 


70 
45 


1 












100 


115 


6 








Onstave Boisange, Paris: 


166 

7 
4 


203 
9 
6 


































19? 


.„ 


9 








B. Istituto Lombanio di Scieozo e Lettero, 
Milan: 


83 


85 


3 


33 








William Wesley, London : 


291 


^ 


16 








University of Melbonmo : 


20 


41 


4 
20 










lOd 


115 












1,569 


1,734 


,n 


1,033 


23,376 





b,Godglc 



LITBEAET ASH SCIENTIFIC EXCHANGES. 



Packages received hy the Smithsonian Institution from parties in America, 
for foreign distiVmtion, in 1869, 



•sl 



AIUIAKV, NEW TORK. 

Ee^nte of New York State Univer- 
sity 

Naw York Stato Library 

Mew York State Agricultural Soci- 

ANN ARBOR, inCHIOAN. 

Profeeaor A. Winchell 

BAL1TM0RS, MARVLAHD. 

P.E-Uhler 

BOSTON, MASSACHTSETTS. 

Amencan Academy of Arts imd Sci- 

Aniericau Social Science Araocia- 

American Statistical Association — 

Board of State Charities 

Boston Society of Natural History. 
Massacbtisetts Historical Society--. 

Public Libnu7 

Dr. B. A. Gould 

Dr. Hoivo, (Perkins Institute for 

Blind) 

8. H. Scudder 

CAMBRIDGE, UABSACHUBEITS. 

American Association for Advance- 
ment of Science 

Harvard College 
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D.^. EMward Jarvis 

EASTON, PENNBYLVANIA. 

Professor T. C. Porter 



Professor F. Poey 

IKDIAMATOLIS, INDIANA. 

Institution for Education of Blind . 

JANESVILLE, WISCONSIN. 
Institution for the Blind 

MILWAUKEB, WIBCOKSIN. 

Professor L. A. Lapham 

HONTREAL, CANADA. 

Professor J. W. Dawson 

NASHVILLE, TENNESSEE. 

Geological Survey of Tenneasoe... 
NEW ALSANV, INDIAKA. 

Dr. E. S. Crosier 

NEW HAVEN, CONNECTICUT. 

American Journal of Science 

ProfemorE. J. Brash 

Professor J. D. Dona 

Professor A. E. Verrill 

NORTHAMPTOK, MASSACBUSETTS. 

state LnnatieAsylnm 

NEW YORK. 

American Journal of Mines 

Now York Lyceum of Natnial His- 

American Christian Commismon.. . 

United States Sanitary Conunis- 

Tbomas Blond 

T.S. Bickmore 

E.Steiger 

PRtLADELPniA, PENNSYLVANIA. 

Academy of Natural Sciences 

American Pbarmacontical Society 
American Fbilosonhical Society ... 
American Entomolo^cal Society .. 
Pennsylvania Honso of Refuge. 



LITEBABT AND SCIENTIFIC EXCHANGES. 
Packages received Jrom parties in America, (6c. — Continued. 



AddrcM. 


i 


Address. 


^1 

■4 


Peansy 1 vanU Institute for Doof ttad 


25 

1 

25 
190 
13 

150 

13 

3 

11 

149 
115 

30 
1 

,00 






er, PATJI, UINME60TA. 

8PRC4anELD, lujKois. 








Society for AlieviBting Miseries of 
Public PriHoaa. 


1 












TOKONTO, CANADA. 




















PROVIDENCE, KHODE ISL.1N1>. 


WASHINOTON, n, c. 
















Liteiar; and Historical Society 


United states Coast Sniver 

United States Agricultural Depart- 


15 


8AI^, MASSACHDSBrra. 


Uoiletl States DeporttneDt of £du- 






United States Naval Observatory.. 
United States Patent Office 


140 


Peabody Academy of Science 




































BT. LOUIS, MISSOURI. 








5.220 







idb,Googlc 



LITERABT LSD SCIENTIFIC EXCHANGES. 



Packages received bjf the Smithsonian Institution from Europe, in 1 
/or distribution in America. 



Address. 




Address. 




ALBAKr, NEW rORK. 


4 
1 
30 
34 

11 

3a 

6 

■J 

1 

3 

a 

, 

4 
3 
15 

2 

1 

• 

I 
3 

? 

1 


DliDois Natural History Society... 

BLOOMINGTON, INDIANA. 


1 


Bureau of Military StotUttcs 




Kew York State Agncoitural S<icieK 
Keiy York State Cabinet of Natural 




BOSTON, MASBACHCSETTS. 
American Academy of Arts and Sci- 








NewYi>rk State University 

Hon. l-roncis C. Bnrlow 






Americao Social Science Association 












iMHEUST, HA6WCHUSETT8. 






AmhetBtCoUem 


Boston Metoantile Library Associa- 






Boaton Society of Natural History. 


S4G 

2 

7 




ANSAPOMS, MARTLAMh 

United States Ndval Academy 




AN-V ARBOn, MICmOAN. 


tiou of Cruelly to Animals 


1 




New Kngland HiBtoric-Genealo<;i- 






2 
3 








Pcrkina luHtitiite for Hlind 




2 






ATHENS, ILUXOIS. 










































AUSTIN, NEVADA. 


























3 


















4 


BALTIMORE, MAKTLAND. 












Maryland Historical Boclety 








Long Island Historical Society 
























S 
1 








BRUNSWICK, MAINE. 






3 


Dr. Chailes M. WetheriU 


Histoncal Society of Uaise 


3 



LITERABT AND SCIENTIFIC EXCHAKQES. 
Paekaget ree^ved from Europe, &c. — Continued. 



BCFFAU), NKW TORK. 

BufEalo Historical Society 

Kataral History Society 

BntUMGTON, NEW JEBSBT. 

W. G.BLuuer 

BURUKOTON, TERMOKT. 

Unirewity of Vennont 



CAMBRtDGK, 

American Association for Advonce- 

meDt of Science 

AHtroDomicalJoiinial... 

Harvard Collece 

Htfrliarinm ofllorvarrt College ... 
tlnseum of Comparative Zoolofry. 
Obacrvatoty of Harvard College.. 

A. Agaasiz -- 

Professor L. Agassiz 

Dr. E. H.CUrk 

Dr. B.A.OoQld 

Professor Asa Gray 

Dr. H.nagPD 

Dr. J.W.Boyt 

Dr. Tbon OB Lyman 

Dr. G, A. Maock 

Albert Onlwny 

Professor B. Peiroo 

Professor Jared Sparka 

Professor J. D.Wfutnoy 

Dr.J. Winlock 

Professor J.Wyman 

CENTRE COITNTY, PENKBYLVINIA. 

Professor H.J. Clark 

caAMPAiOK, tLLiKoia. 
State ludnstrial Univeraity 

CRAPEL RILL, NORTn CAROLINA. 

University of Noitb Carolina 

CBAPPEIX ailX, TEXAS. 

SonU Univermty 

CHARLESTON, S01TTH CAROLOTA. 

Chnrleston Mnsenm 

ElliotI Society of Natnrol History. 

Society Library 

South Carolina Hiatorioal Society. 



CEULKLOTTBSVILLE, VIBOIKU. 

University of Virginia 

CHICAGO, ILLINOIB. 

Chicago Academy of Scienoo 

Chic^^ Board of Trade 

Dearborn Observatory 

University 

Yoong Men's Association Library.. 

Dr. fiidrewB 

Mr. I* Baron 

Professor F. H, McChesuey 

T. H, Safford 

Dr. W. Stimpeott 

CINCI.NNATI, OHIO. 

American Medical College 

Astronomical Observatory 

Mercantile Library 

Nalionol Normal 

Dr. Cleveland Abbe 

Dr. Koniiuger 



coalourgh, west Virginia. 
W.H. Edwards 

COLUMBIA, MISSOURI. 

Geological Sorvev of Missouri .. 

Missouri University 

Dr. O. C. Swallow 

COLUMBIA, SOLTH CABOUXA. 

South Carolina College 

University of South Carolina ... 

Ohio Edncfttional Monthly 

Ohio State Board of Agric altars.. . 

Professor Leo Lesqnerenx 

John A. Norris 

Dr. William B. Sullivant 

CONCORD, NEW KAUPSHIRE. 

New Hampsbiie Historical Society. 



Ber. C.J. S. Bethone .. 



,C,c>ot^[e 
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Packages receieed from Europe, iSx. — GontiDned. 



LH, IOWA. 

Lutlionin CoUege 

DEUWARB, OHIO. 

Ohio Wealeyan Univeraity. 
Dr. Slotoer 

DE8 HOINES, IOWA. 

Gooloffical Survey of Iowa. 

Iowa School Jounial 

State Libntry 

Micbigaa State Agricultnral So- 
IWBCBeSTEB, UASSACacSETTB. 

Dr. Edward Jarvis 

EASTO.V, PENNSVLVAXU. 

La Fayette College 

Professor T. C. Porter 

Joseph Gibbons 

EBtB, PENSSTLTAMIA. 

BcT. L. G. Olmstead 

EVANSTON, ILLINOIS. 

Oliver Marcy 

FARHINQTON, CONNECnCCT. 

Edward Norton 

FORT MACO^J, NOKTH CASOUITA. 
Dr. Elliott Cooes 

FRANKFORT, KXNTGCKT. 

Geological Survey of Kentucky... 

GAUBIER, OHIO. 

Kenyan College 

GEORGKTOWIT, D. C, 

OeoTgetown CoUoge 



GREF.NCASTLE, INDIANA. 

Indiana Aebnry University... 

HALIFAX, KOVA BCOTIA. 



Uodison Univeraity 

HAHOVER, IKDIAKA. 

Frank H. Bradley 

HANOVER, NEW HAMFSHIRB. 



HABLEM, NEW TOKK. 

Dr. Sey&rth 

HAlUtlSSURG, PENNSYLVANIA. 

State Library 

HARTFORD, CONNECTICUT. 



Toong Men's Institute.. 

Physical Society ... 

Mrs. Sam ael Colt 



HAVERFOEtD, PENNSYtVANU. 

Haverford CoUege 

BAZLETON, PENNSYLVANIA. 

J.N.Porter 

HUDSON, OHIO. 

Western Beserve College 

INDEPENDENCE, TEXAS. 

Baylor University 

INDIANAPOLIS, INDIANA. 

InetitQtion for Blind 

Dr. W. W. Bntterfield ;.-... .^i 
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ISMAKSVIIXE, WISCONSIN. 
WiBCODsio Scandinavian Society. . 

IOWA CITT, IOWA. 

Grand lioAffi of Iowa 

Slate UnivetBity 

Professor O.Hinrlclu 

Dr. Charles A. Wtite 

ITHACA, NEW TOHK. 

Cornell College 

JACKSONVILLE, ILUSOIS. 

Inalitntion for Blind 

JASBSVILLE, WISCONSIN. 

Wisconsin Institution for Blind-. - 

JEFFERSON CITY, MlSSOUni. 

Governor of the State of Miaaouri.. 

LEBANON, TENNESSEE. 



Madison, Wisconsin— Continued. 

State LihraiT 

Univoraity of Wisconsin 

Wisconsin Xatnral History Society ■ 
Wisconsin State Agricnltural So- 



Professor E. B. Andrews 

MlDDLETOWfJ, CONNECTICOT. 

Wesleyan University , 

li MILLEDOEVILLE, GEOBGIA. 

Oglotliorpo UniverMty 

1 MTLWAL'KBE, WISCONSIN. 



ivcrsity of Tmosylva 



LEXINOTOir, VIROINIA. 



Washington College-. 

M. F. Mauiy 

Commodore Semmcs.. 



L'uivereity 

LHTLE ROCK, ARKAJtSAB. 

Slate Library 

LOUISVILLE, KENTUCKY. 
University of Lonisville 

MADISON, WISCONSIN. 

Emigranten 

Oeologieal Survey of Wisconsin. - 
State Historical Society of Wiscon- 



Gcological Survey of Canada. ■ 
Natural History Society 

' P. P. Caqient^r 

I Professor J. W. Dawson 

I SirW.E. Logan 

j Dr. Sterry Hunt 



NEOAUNEE, MICH 10 AN. 

Major T. B. Brooks 



NEW DEOrOltD, MASSACni-SETTS. 

John H. Thomson 

tW BRUNSWICK, NEW JERSEY. 

Geological Survey of New Jersey-. 
Professor George H. Cooke --... rl 



LITERABY AKD SCIENTIFIC EXCHANGES. 
PacJcages received from Europe, &e. — Coutinaed. 



NEW HAVEN, CONNECTICUT, 

American Jonnial of Science and 

Art 

American Oriental Society 

Connecticut Academy of Science.- . 

Yale College 

Professor G. F, Bnwb 

Professor J. D. Daua 

Professor D, C. Eaton 

Professor E. Looniis > 

Professor O. C. Marsh 

Professor A. Nen-ton 

ProfesHor D. Olmsteiul . . ,_ , 

Professor Palmer 

Professor B. SiUi man 

Professor A. C. Tnlnlng 

Professor A. E. Verrill 

Professor W, D. Whitney 

SEW ORLEANS, IX)fISIANi. 

New Orleans Academy of Sciences. 



Dr. G. Pfeiffer.. 



SEW youk, new voiik. 

American Christian Commission... 

American EthuoloKical Society 

American Geographical and Sta- 
tistical Society 

American lostitiita 

American Jotimal of Miniag 

American Microscopical Society — 

Astor Library 

Columbia College 

Herbariom of Colnmbia College ... 

Lyceum of Natural History... , 

Mercantile Library Association 

The Nation 

Kenr York Academy of Medicine . . . 

New York Historical Society , 

Numismatio and Arch^ological 
Society 

School of MtneH 

United States .Sanitary Commis- 

ITaiversity. , 

Albert 8. Bick more 

Thomaa BL-iud 

Dr. Brown, (Bloomtngdalc) 

Dr. John C, Dalton 

Proleesor E, C. Day 

Captain J. M. Dow 



New York, m. y. — Continued. 

Dr. J, W, Draper 

Dr. Asa Fitch 

General J. Fremont 

Dr. Geseheidt.. 

Henry Grinnell 

Dr. William A. Ilanimond 

Mr. Harlan 

Kcv.G.C. Holla 

Dr. Francis Lieber 

C.Ixiosey 

Dr. J. S.Newberry 

Dr. J. C.Nott 

Baron H. Osten-Sacken 

Dr. Paine - 

Messrs. Parker & Donglas 

Dr. R.W. Raymond 

Victor C. Keevo 

Lewis M. liutherford 

E. G. Sqnior 

Professor George Thiirber 

Professor JohnTorrey 

J, Watts de Peyster 

OSWEGO, NEW VORK. 

Professor Rapbael Pumpelly 

OXFORD, OHIO. 
Miami Univeruty 

OXFOBD, MISSISSIPPI. 

University of Missiasippi 

Eugene W. Hilgard 

PEOnU, ILLINOIS. 

Dr.F.Brendel 

ratLiDELPHU, PENNSVLVANU. 

Academy of Natural Sciences 

American Entomo luteal Society.. 
American Journal of Conchology . . 
American Journal of Medical Sci- 

American Pharmaceutical Associa- 

American Philosophical Society.. 

Athenieum ... 

Central High School 

Franklin Institute 

Olrard College 

Historical Si^iety of Pennsylvania 

Honeeof Refuge 

Library Conipauy 

Medical Society of PeuDBylvauia. 
Mercantile Library ,.-. 
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PmLAPELPHlA, PA, — Continued. 

Knrth Arouiican Medico-Chimrgical 

NnmUiDBtic and Antiqnorian Societ; 

Observatory of Girard College 

reDDBylvania HortioaltHTal &ciety. 
PenDBylninia loBtitate for Blind. .. 
PenneylvaDia Institutefor Deaf and 

Pennsylvania Society for Prevention 

of Cmelt^ to Animals 

Philadelpbia College of Pharmacy. 

Poblio Schools 

Univereity of Pennaylvania 

WacQer Free Inst itate of Science 

E.H. Beadle 

W. a. BInney 

L.Blodget , 

H.C.Carey 

Q. W. Childs 

Dr. E. D. Cope 

E. T, CreBson 

Lemuel J. Deal 

Bennnt Dowler 

W.H. Edwards 

W. M. Gabb 

C. F. HaEBdom 

K. Hare 

Dr. Isaac Hays 

Dr. George H. Horn 

Dr. Isaac Lea 

Dr. John L. Le Conte 

Dr. J. Leidy 

J.P. Leeley 

B.V. Marsh 

Dr. J. A. Meigs 

Dr. S. Weir MitcheU 

Dr. John H. Packard 

Dr. M. Bichardeon 

Dr. Theise 

fl. W.Tryon,jr 

Professor W. Wagner 

Dr. H.C.Wood 

Maine Joamal of Education 

Portland Society of Natural History . 
Dr. A. C. Hamlin 

POUGBKEEPSIE, NEW TOBK. 

Observatory of Yassar College 

Hiss Muria Mitchell 

pnracETON, SEW jerbev. 

College of New Jersey 

A-D-^rown 

Prt'essor A. Gnyot 



4 



PROCTORSVTLLE, VinCCflA. 
ProfesBor Albert D. Hager 

PBOVIDENCE, lUIODE ISLAND. 

Bron-n University 

Rhode Island Historical Society. . 

Rev. Dr. Cosivcll 

Stephen Olney 

Edwin M. Snow 

(lUEBEC, CANADA. 

Literary ond Historical Society.. 

QUISCT, ILLIKOIS. 

Pnifesaor RoasmUssIer 

haleigh, koktii Carolina. 

Dr. Fisher 

Professor W, C. Kerr 

])ED W1.\0, MISXESOTA, 

Bamline University 

RICUMOXD, VIRGCSU. 

state Library 

OswaldJ. Heinrich 

ROCHESTER, SEW YORK. 

Dr. Ward 

ROCK ISLAND, ILLINOIS. 

B.A.Wabh 

Deutsches Institat zur Befurdomug 

dec Wissenctaaften 

Journal of Education 

St. Loois Academy of Sciences. . 

University 

Ernst Ton Angelrodt . - - 

Professor WllUam Chanvenet 

Dr. G. Engelmonn . .. 

Dr. Holmes 

Dr. H.A. Proat 

Maurice Schuster 

Dr. B.F.Shumara 

Minnesota Historical Society 

SALEM, MASSACtlL-SETIS. 

Essex Institute 

FeatxKly Academy of Science . . - 
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S.VLEM, on EGOS". 

WilUimutte University 

8AN FRANCISCO, < 

CaliforuiA Academy of Sciences .. 
OeoIoEic^ Survey of Culifornia.. 

H.G. Bloomer ■- 

H. N. Bolander 

S. Brannnn, jr 

H.E<1 wants 

Captain KMridoe 

Baron lijclithofun 



CU-IPOHMA. 



S.1STA DARDARA 

Alexander Taylor . . 

S.VXTA CLAllA, 

Uuivecsityof tUo Pacific. 

SAUK lUPIDS, MI^■^-E3 

J. H.Klao9 

srao siso, NEW Yoi 



SPIUNO FIELD, ILLINOIS. 

Geolopi pal Survey of Illinois 

lilinoia State Agricultnral Socic(y- . 

Tlie Schoolmaster, Normal 

Professor A. H. WortLen 

TOKOSTO, C.VNADA. I 

Canadian Institnte ! 

Literary and Historical Society ' 

OltBcrratory I 

University of Canada ; 

Dr. Samne) Wilson \ 

TUBCALOOSA, ALABAMA. 

Uoiversityof Alabama ' 



14 I American J^ornal of lasanity... 

J I Dr. Grey 

I Culonel E. Jowett 

WASHISGTOX, D. C. 

\ President Grant ., 

'■ Auiuricou Nautical Almanac 

~, I Bureau of Navigation 

, i| Bureau of Ordnance ond Hydro 

1 Krapliy 

, I Bureau of Statistics • 

, .\ Census Bureau | 

. jl Corpsof Topographical Eugineeis. I 

A I Department of Agriculture 

tr j! Department of Lducation 

;l Engineer Bureau 

ii Hydrographic OfBco 

'' Interior Dqiarlmcnt 

I I Library of Conffress 

! National Academy of Sciences : 

Navy Department I 

J Orduaucu Itnreau I 

I Quart eniiaater General's OtUcc 

|| SicTLtarv of the Navy 

I Stiretarj of btate I 

G j Secretary of the Treasury [ 

Sicrtljr^ of War 

I Slate Dep irtmont 

a I Surgeon Gi uerol's Office I 

.,' Survcyof North AmericauLakes..! 

I Topographical Bureau ' 

Uuiti'd States Coast Survey | 

General Laud Ofilce I 

1 || United StotesNavalOliservatory... 

1 ■, United Slates Patent Office ' 

1 I War Deportment I 

i) .1 Washington Public Schools ' 

I' Colonelll. L. Abbott 

(i V. L. Apcl 

a ij ProfesHorS. V. Baird 

J jl Hon, Henry Barnard 

J li WATEltVILLE, MAINE. 

1 !; Watcrvillo College 

l' WOBCESTEII, M.VSSACIUJSETTS. 

1 Ij American Antiquarian Society 
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Lut of mtteorotogical ilatioHt and oiserrtn, jx., for tke year 1869. — Coatiuued. 



Kuno oT obaerrcT. 



FLOUiDA—Contlnned. 



Chattohooclile Ancnil, Gadidei 
Kear Pilutka, PatDun Co 



St. Maty's, Cuoilen Co , . 



Angnsto. llaDoock Co 

OtUwB. La Sallo Cd 

BalTlilne. Boone Co 

Kear WfUiot,llareanCo.... 



Dalwli. WuhloElon Co. . 

Vatorloo, Uonnte Co 

Wioniibago Depot, ^ian 

Efflnghnmt Bfflnirluin Co. 
Warvw, HftDcock Co 



VttliMHitoo, PorMr Co . 
VeTST. Swltierland Co 
Kb* Hannony. PoH't ( 
LuonU, HuTlaon Co . 
KovAlbiiDy.lXvlCo 



BloonilnsioD. Uonroa C 
Mrom, SnlUvaD Co ■ . ■ 

Jalkpa, Gnnt Co 

MnDcio-Delairan Co . 
Bouucloer, Jupec Co. 



83 40 



l>ockiii]r. ¥-. uid 

Hlllver.H.I, 

Prortor, Ulu S. ] 
Saufoid. Fnif. S. 1 
WhlUiof, Mlw & 



Cbue.Ur.D.H 

Dadloy, TlmotliT 

Dudley, Timotlij- 

DoDCoa, Bev. Alexander 
Eldrldge, W. V 



LaDKfiillb. Julin O-At. 
Llvlumton. Prof. w. . . 
MMty. Pmf. OUTcr . . . 

Mead, Ur, S.B 

Mennin, Mi».E.H. 



RogoTK. O.P.. iikI F ' 49 14 

SpnuliUDg, Dr. A., tmil 41 45 

Spencer, W.C. 38 14 

ilmui,J.\v!,'uidMiu!| 4^ 17 



98 38 



T.K. 
T.B. 
T.E. 

LT.K. 
&. 

T.R. 
T. R 

» ai. R 

J T.R. 



■Pplej^i*. J- A. a 

io«nicr,CliaTlfB(>.'!! 
Cbippclsmitb, Jolin . , 

Ctcwior, A 

Crodcr. Dr. E. S 



D«ni,D 

DoditPmf.C.M.. 

Eolmes, Tbomaa . . 



mes-Tbi 

lii,i.C 

iper.G.W. H.,M.D. 

Loagbrldgc J. E 

■Eallmaud, 
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Lul of ntttarotoyical ttaiioHt and ob*eirtr», ^.,/or tie year 13G9 — CoDtiuued. 



liDuiu— CoaUuned. 

ColnmbU City, WhitlsT Co . . 

Lar>;stt«. TippeoDoe Co 

Cunelton. Perry Co 



Liunl P. 4^.. PocahoDUa Co . . 
Vawter's GlDTe, Adair Co . . . 

UoDDt TemoD, UuD Co 

tintWDberg.CIaytoD Co 

Kcar AlKoSa. Eouoth Co ... . 

Knr MewtoD, Juper Co 

CUnton. Clinton Co 

Ihiboqae, Thibaqao Co -.. 

Vaakon.AUnukMCo 

Fort Dodce, Webster Co 

Wert nDraiLFavelloCo 

Koar Port UadlHD. Lee Co . . 

Grant City, Sw; Co 

MaadccUa.JoDesCo 

Iowa CItj. Johnaon Co 

DaTenport, Scott Co 

Waterloo. Black Hank Co... 
Hairia Onre. Harrtaon Cu . . . 
Kw Bolfe. Pocahontas Co . . . 

UincnlBldge^BoODe Co 

fiprisg Grovo, Banlin C 
if Dicatlne. Hnacatliw C 
TiM Woodland*. Ployd 



Co... 






wUiasbDro. Hairiaon Co. ■ . 



OblbcJoloMonCo 

tTear Ames, Story Co 

BarlinictoD. CoOby Co 

Cnwfotdarllle, Crawford Co . . 
XKHho Falls, Woodson Co . . . 
AtchiaOB, AloUaon Co 



Sear l*roy, C(^y Co 

LawTeuce. JDonglu Co 

Leaien worth. LaaTenworth Co. 
" irPaolL Miami Co 
~ o, Jackson Co 



Hollon, Jackson Co 

Conniia GroTB, Morris Co . . 



Vaniille. Boyle Co 

.Clinton. Hlckioan Co. . . . 
LooUtUIo. JelbnoD Co . 
PlDeOroTe.CliiTkCo ... 

Arcadia, Lincoln Co 

LcxtiuRoD, Fayette Co . . 
Laziatniio, Fayotte Co . 
fl^ri^aaKOi — '—■- 



a, <iwai LaalB*ilie.)<ral 



McCoy, Dr. F. and Hiss 



Sotlon. Georue. 

WIIU>iu.Mn>.Dr.B,C 
Woolen. Dr. G.V 



ColUn. Pnf. A Ion 
Dickinson, Jamei 
Dorwellur.P.... 
Fallor,A 



T,Dr.A 



u.dE.W 



Hancock, E. M 

JorieDMiD, C. K 

McCltntocW.F 

McCresdy, Daniel 

Hlller.B.,audUrs.B.. 

Moulton.MM 

Parvin. Prot Thomas S . 
Sheldon, ProLD.S 






end, N.. 



W«lton.J.P.. 

Wadey,H 

Warne, Dr. OtmEt . . 
Warren, James H... 
Wbealon,Mrs.D, B. 
Witter, D. E, and M 
U.E. 

Wood, James 

Woodwortli.8 



tax 



Hnm, Dr. a. B. I 

ULssC. 
Inzraham and Hjlai 
Mudge, ProtEF... 



Boatty O 1 3t 40 



rtln.I>r.SamnelD.. 
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on. Boisier PuiBb 

OrleHoa, Orlcane Porigh . . 
report, Caddo Parub 



Hoalton, AmMtooll Co. . 



Washington Co 

Point, Oxford Co ... . 
LFiacUaqaisCo. 



oiforJ, Olftrrt . 

Comish. York Co .... 
West Walsrvilk, £ei 



AnnspolU, Anne Arnndel Cc 
Frederick. Pnderiik Co ... . 

EnimttiBbnra, Frederick Co. 



St, Mary's Citf.St. Mary's C< 



RIcbmoDd.Be k«breCa 



sBelU^ssi 
id<m. Won 
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UtcbHoLd.LLcbfl dCa 
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OntQDacon. On namD o 
PennsylTBDia Mme Eciri 

Grand Rapids. E a Co 
X^aoBLDg. Ini^bam C 
Osblemo, Kn nmnuw C« 
Pleeunton, Man a ee C 
HoskccoD. Mask eon o 
SQEpr Island A ptna Lo 
Coitlwater, Bran Ii Co 



CeDtial Mine b. w 
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Diaper Jowpb M. I) 
iol on John 
Hopbiiu.FroCA 
U rrlam S dnoy A 
M tcalCJ a 
Nason Re E as 
> n-ODDib Gnillb d b 
^ tsoD ^ Amnis is, 
P IT Ko J B and 



baw I>r M loD 

L>riab,Ri banlH 



- r K. c 

Mnpcs H n 

M llanl Joseph D 
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Pa Udon 

Sou bworlh S L 
S««e, CooeeE 
Strung L if 



■VVbi tl 



J Mm 



1 II 



, Babcock Dr ^ Mib.B F 



Abo C DCOTd B I 



T.H, 
T.B. 
RT. R. 



ax.K., 

B.T.ILI 
T. I 
T.R. 



: ; a T. R. 
1 RT^B. 
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Lilt of metterotogical itations and obierrert, 4't; for the year 1S69 — Continued. 



Niuoe of DlMerT«r. 



HlN^ESOTjt—CODtlliawL 



While Kurt h KsHrvu 



. GarriHHi, O. E.... 

. UilmiDC. Airrwrt.. 
. Mnrphj. W, W ., 



. Rom, ChRrlei . . 



M U 



Marioo. Landen 



IT Fanlding. Juper Co. 



. Florer, T, W 

. Lnll.JaiDMS 

::..j«i,T.j.K... 

- McCsrj, W 



. Hoblmon. Ret. £. S 



^t. Jueph, BuchuanCo Bnllsrd, Rev 

HarriAODTiUp. €uwCo Chrlirian, Jobb,. 

Jffltrton City, Cole Cn De W*«l, N . . . 

Anuttown, SI. LoDiaCo--', <^-^*t-^ x 

Omnm. Holt Co 

But rmrlc Miaaiulnpl O 
Hennilaec. Hitkorj" Co . . . 
WarreoBtmre, Johnson Co ...... i .t^uocn, 

noUrat.PolE ! Race, J. 

KDERlea 

imlih. J . . _ 

__ iliuitebpck. Rev. F. ir. . 

I awl Itev. I, RtmctniBDB. 
Ke.vtcsrlUf , CbuiMn Co Tealcb. Charity... 



Kkbland. TTaahinicIoa Co _, 

Dakota City. UakoW Co I llroirD. 

X«r BoUpvop. SaT|>j Co.. 



IwelL si™. E. E . . 
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Li»t of mtleoroloiiical »laliont and obienat, j^.j/ortheyter 18G9 — Continued. 



KOBTO CjkfiOLKA— Contlnned. 
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Littof meUorclogical »lalioiu and obeereers, ^-c.jfor the near 1869.— Contioued. 
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Littof meleorob>3lcal itatlow and obterven, Sfc, far the year 186U — Continued. 
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78 METEOELOGICAL EEGI8TEBS. 

Colkycs and other institutions from wfti'cA meteorologtail regiaters acre re- 
ceived during the year 1869, included in the preceding li«t. 



Nova Scotia... 

Alabtuna 

Arkansas 

California. ,,, 
Connecticut .. 

IDinoiN 

Indian.i 

Kan&as 

Kentncky 

Marflnnd 

Maaaachusotts . 

MicbifcaD 

MiBsoiiri 

New Hampflliir 
New Jersey ... 
Now York 



Nortb Carolina. . 



Pennsylva 

Texas. ... 
Vcimont. . 

Virginia .. 

Wisconsin. 



Acaditt College Wolfville. 

Greeoe Spnnga School Havana. 

Normal School Helena. 

Pacific Methodist College Vocaville. 

Collegiate Inatitnte Waterbnr.r. 

■WcBleyan University Middletown. 

Mercer Uuiversity P«nflcld. 

Lombard University Galesbarg. 

Northwealem University Evanston. 

City Hospital Indianapolis. 

Indiana State University Bloomingtnn. 

Cornell College Mount Vernon 

Griswold Col&ge Davenport. 

Iowa State University Iowa City. 

Agricnitnral College Manhattan. 

State University Lawrence 

Sayro Institute Lexington. 

Monnt St. Mary's Collie Emmitlshnrg. 

Anibemt College Amherst. 

State Lnnatic Hospital Worcester. 

Williams College Willi am stown. 

State Agri cultural College Lansing. 

St. Loins University St. Louis. 

St. Patil's School Concord. 

Rntger's College New Brnnswick. 

Columbia College New York. 

Erasmus Hall Academy Flatbush. 

iDBlitute for Deaf onil Dninh New York, 

Fort Edward Collegiate Institute Fort Edward. 

Oneida Conference Seminary Casenovia. 

Observatory, Central Park New York. 

Rockland Female Institute Nyack. 

Rut^ere Female College New York. 

Trinity College Randolph Connty. 

Goldsboro Female College Qoldsboro. 

Uuiversity of North CoroliDa Cbapel Hill. 

Webster Inatitnte KenansviUe. 

Kenyon College Gambler. 

Mount Anbum Yon ng Ladies' Institute. Mount Aubura. 

Otterbein University Westerville. 

Urbana University Urbano. 

Woodward High School Cincinnati. 

Beaver Seminary Beaver. 

Jefferaon College Cannonaburg. 

Lehigh University Bethlehem. 

Lew isbnrg University Lewiabnrg. 

East Tennessee University Knoiville. 

Lookont Mountain Edncational Inst... Hamilton Connty. 

Stewart College Clarhsville. 

Tuscnlnm College Oroenville. 

Institution for Deaf and Dumb Austin. 

Normal School Caatleton. 

Woodstock AcademyNatnral Sciences . Woodstock. 

Institnto for Deaf. Dumb, and Blind. Stanntoo. 

Eandolph Macon College Ashland. 

Lawrence University AppletoD. 

State University MaiUson. 
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METEOBOLOGICAL MATERIAL. 



Academic Imp^riale des Sciences de St. Petersbourg. — M^moires. VII 
Series, tome xii. No. i. UntersachaDgen iiber CoDstitution <ler At- 
moBphare nod die Stratdenbrechnog ia derselben. . (2"' Abhandlang.) 
Von Dr. H. Gylden, 1868. io 57 pp. 

Acadimie Royale de Belgique. — Observations des pb^Dom^nes p^riodi- 
qaes pendant les ann^s 18C5 et 1866. (Extrait dn tome xxxvii des 
M^moires.) 4° 74 pp. et 60 pp. 

Ackermann, Professor. — Newspapers contaioiDg articles on tempera- 
ture and rainfall of Port an Prince, Hayti. 

Australian Sorticultural and AgricuUnrnl Society. — Hortieultnral Maga- 
zine and Gardeners' and Amateurs' Chronicle. Containing meteorologi- 
cal observations at Tarella, Concord, New South Wales, by A. Stephen. 

Baird, Professor S. F. — Newspapers giving accounts of the great 
storms in New England in September and October, 1809. 

Bartlett, E.B. — Iteviewof the weather at Palermo, New York, during 
the year 1868. (Newspaper slip.) 

Record of periodical phenomena, arrival of birds, &C., at Palermo, 

New York, for nineteen years, from 1851 to 1809, inclusive. 

Bath and Nortkof England Agricultural Journal. — On the temperature 
of the sea and its influence on the climate and agriculture of the British 
Isles. By Nicholas Whitley, F. M. 8. (Reprinted by permission.) 8°. 
3G pp. London, 1869. 

Boardman, 0. A. — Thermometrical observations made on tbe St. Jobn 
Biver, Florida, between Jacksonville and Enterprise, during tbe months 
of January, February, March, and April, 18C9. 

Bruhns, Dr, C. — Resultate aus den meteorologischen Beobachtungen 
angestellt an den lilnfiindzwanzig Koniglicben Sachsischen Stationen 
im Jahre 1867. 4°. 71 pp. Leipzig, 18C». 

C. K. Toicarzystwa ifanlcotc, Krakow. — Materyaly do klimatografli 
galicyi, zebrani przez sekcyi meteorologiczna komisyi przyograflczn^y C. 
K. Towarzystwa Nankow. Eok, 1807. 8°. 209 pp. Eok, 1808. Sq. 253 
pp. 

Campbell, Prof. — Barometrical reports for the months of March, April 
and iday, 1869, at Washington College, Virginia. 

Clingman, T. L. — Notes on the climate of Western North Carolina. 
(Printed dip.) 

Coe, Charles C. — Meteorological register kept at Hood's River, Oregon, 
during the years 1805-'00-'67 and 1808. 

Collins, Colonel. — Hourly observations of the thermometer from 4 p. m,, 
January 4, 1864, to 4 p. m. January 7, 1804, at Fort Laramie, Dakota 
Territory. 

Corbett, Hon. H. W. — ^Weather record for eleven years, at Portland, 
Oregon, from 1858 to 1808, inclusive ; kept by Mr. Thomas Frazer. 
(Newspaper slip.) 

Crosier, Br. E. S, — Jleteorological registers for November and Decem- 
ber, 1865, at New Albany, Indiana. 

Ball, W. H, — ^Translation of meteorological register kept at St. 
Michaels, Ikagmut, and Nulato, Russian America, daring tbe years 1842 
and 1843. 

Baubrie, M. A. — Experiences syntb^tiques relatives aux m^t^orites. 
Paris, 1868. 8=-. 68 pp. 

Bavenport Female College. — Meteorological report from the Daven- 
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80 METEOROLOGICAL MATERIAL. 

port Female College, Lenoir, Korth Caroliaa, for tlie mooths of May, 
June, JolyT August and September, 18C9. 

Dove, H. W.— Ueber den Starm vom 17 November 1866, yon H. "W. 
Dove, aos dem Abliandlungen der Koniglichen Akademie der Wissen- 
Bchaften zn BerliDj 1867, {mit 2 Tafeln.) Berlin, 1868. 4°. 49 pp. 

Eldridge, W. V. — Abstract of meteorological observations at Gol- 
conda, Pope Coanty, Illinois, daring the year 18G9. 

Mllis, Jacob M. — Review of the weather at Philadelphia for each 
month of the year 1869. (Newspaper slips.) 

French, J. B., a<jent Winnipisseogee Cotton and Woolen Manu/acturiJiff 
Company. — Register of rainfall at Laconia and Lake Village, New Hamp- 
shire, during the year 1869. 

Oalle, Professor Dr. J. O.— Ueber die Bahn des am 30 January 1868, 
beobachteteo and bei Pultulsk im ESnigreiche Folen als Steinregen 
niedergefallenen Meteors durch die Atmosphare von Professor Dr. J. G. 
Galle, Director der Sternwarte zu Ereslau, 8°. 43 pp. 

(/oWertcfre, 0. J. — Pamphlets and newspaper slips relating to the 
climate, &c., of Colorado Territory. 

Oouher, C. M. — Etudes g^ometriques sur Ics ^toiles fllautes. Metz, 
1868. 8°. pp. 154. (Extrait des M^moires de TAcadcmie Imp^riale de 
Metz, anD^e 1866 et 1867. 

Grayson, A. J. — Meteorological observations, and remarks upon the 
climate of JMazatlan, Mexico. 

Haidinger, W. Bitter von. — Elektrische Meteoro am 20ten October, 1868, 
in Wien beobachtet. Bericht vou W. Bitter von Haidinger, wirk- 
lichem Mitgliede der Kaisorlicheu Akademie der Wissenschafteu. 
(Mit 1 Tafel.) 8°. 12 pp. 

Der Meteorsteinfall am 22 Mai 18G8, bei Sclavetic. Zweiter Bericht 
voQ W. Ritter von Haidinger, Mitgliede der K Akademie der Wisscn- 
schaften, (mit 1 Tafel and 5 Holzschnitten.) 8<^. 12 pp. 

Der Meteorsteinfall von Sclavetic in Croatien, am 22 Mai 1868. 
Vorliiuflger Bericht von W. Ititter von Haidinger, wirklicbem Mitgliede 
der K Akadmie der Wiasenschaften. 8°. 7 pp. 

Huntingdon, G. (?.-^Climatalogy of Kelly's Island, Ohio, (Newspai>er 
slip.) 

Report of proceedings of Lake Shore Grape Growers Association, 

containing address by George C. Huntingdon ou "Grape rot and the 
weather." (Newspaper slip.) 

Ingram, Dr. J. — Record of jieriodioal phenomena at Vineland, New 
Jersey, during the year 1868. 

James, J. W. — Summary of meteorological observations during the 
year 1869 at Eiley, McHenry <Jonnty, Illinois. Also summary from 
1861 to 1868 ioclnsive, and for each month of 1869. 

Jones, Benjamin W. — Synopsis of meteorological observations made 
during the winter of 1808 and 1869 at Cottage Home, Surry County, 
Virginia. 

Kaiserlicke Academie der Wissencliaften, Wien. — Die Terapcratur-Ver- 
hiiltnisse der Jahre 1848-'63, an den Stationeu dee iisterreichiachen Be- 
obachtuDgsnetzes, durch fiinftagige Mittel dargestellt, von Dr. €. Jeli- 
nek. 4°. 146 pp., 2 Tafeln. Wien, 1869. 

— Erster Bericht der stiindigea Commission fib- die Adria. 8°. 122 pp. 
Wien, 1869. 

KoiyUga Sventka Vetenskaps Academien, Stockholm. — Metcorologiska 
lakttagelser i Sverige. 1864, Sjette Bandet. Obi. 4°. 192 pp. 1865, 
Sjnnde Bandet. Obi. 4'^. 186 pp. 1866, Attoude Bandet, ObL 4to. 
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Kaiaerliek-ESnigliseke Central An»talt far Meteorologie und Erdmagnet- 

iam JahrbUcher von Dr. C. Jelinek. Neoe Folge, iv Band. Jabr- 

gang, 1867. 4°. 227 pp. Wien, 1869. 

KataerUckKanigliche Stemwarte, Vienna. — AnleitnDg znr AnstellnDg 
meteomlogiacher BeobacbttiDgeii nnd Sammlung von Hilfatafeln, mit 
besoiiderer Biicksiclit aof die meteorologischen Statiouea in Oester- 
■ reich und Uugarn. Von Dr. Carl Jolinek. 8°. 173 pp. 

— Normale fUnfUigige Wiirmemittel fUr 88 Stationen, bezogen auf 
den 20-jalirigen Zeitranm 1848-'67. Von Dr. Carl Jeliuek. 8o. 43 pp. 

— Bifobacbtungen an der K. K. Centralanstalt fUr Heteorologio mid 
Erdniagnetismus. 8°. 64 pp. 

Lapliam, Dr. I. A. — Atmospheric tide at Milwankee, deduced from 
hourly observations at the time of new moon in October, Koveniber, 
and December 1868, and January and Febrnarj' 18C9. 

— Dates of opening and closiug of the Milwaukee River from 1836 to 
1869, inclusive. 

SjuU, James 8. — Meteorological registers for 1860 to 1869, (portion of 
previous record interniptcd by the war ;) also, a table of rainfaU from the 
Ist of May, 1853, until January 1, 1870. 

Loehr, Charles H., United Stalis consul, La Ouayra, Ecuador. — Statia- 
tics from the United States consulate at Ija Guayra, South America, in- 
cludiug particulars in reference to earthquakes, meteorology-, &c. 

Mapas, H. H. — Mauuscript reports of the weather at various points 
in Kalamazoo and Allegau counties, SHchigan, during each mouth of 
the year ISOD. 

McAulay, John P. — Thermometrical record kept at the Louisiana 
State Seminary, Alexandria, Louisiana, during the months of Oetol)er, 
November, and December 1868, and January, February and March 1860. 

McCall, C. — Monthly reports on the weather at Catblamet, WauUia- 
kum County, Washington Territory. 

Merriam, G. C. — Manuscript meteorological report for January and 
February 1869, at Leyden, Lewis County, New York. 

Merriam, C. L., Leyden, Seio York. — Newspaper slips containing re- 
marks on the weather. Monthly. 

Meteorological Observatory, Brisbane, Queensland, Australia. — Published 
meteorological report for April 1869, 

Meteorological Office, London. — Charts of the surface temperature of 
the South Atlantic Ocean in each month of the year. Folio. 27 pp., i:^ 
charts. London, 1869. 

— Report on the meteorology of the North Atlantic, between the paral- 
lels of 40^ and fiO°, as illustrated by eight diagrams of observations taken 
on board of the mail steamers running to and from America, with ro- 
marks on the difference of the winds, &c. By Captain H. Toyubee, 
F. R. A. S. SO. e charts. London, 1869. 

— Rejjort of the meteorological committee of the Royal Society for the 
year ending December 31, 1860. 8'^. 72 pp. London, 1869. 

MeteorolZgieal Society, London. — Proceedings issued monthly. 8vo. 

— Meteorology of England for the quarter ending September 30, 1868. 
By James Glaisher, president Meteorological Society. 

Montrose Natural History and Antiquarian Society, Montrose, Scot- 
land. — Report, of the directors for 1868, containing a meteorological 
register for the year. 

Moss, Q. B. — Summary of meteorological observations at Belvidcre, 
DliDois, during the year 1869. 

Miihry, Dr. Adolf. — Uutersnchungen iiber die Theorie und das allge- 
meine geographische Systfiof der Wiude. SP. 254 pp. Gottingen, 1869, 
68 . 
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Naturaliate Canadian. — CoDtainiDg meteorological obserratioDB at Port 
JTeuf and Montreal. 

Naturforschende GeselUckaft, Ba^l. — Verbandlnogen der Natorfor- 
»chendeu Gesellschaft in Basel, 1869. Containing : Bericht iiber einige 
Blilzscblitge. Vou Ed. Hageiibach. 

Naturforacher Vereiit zu Riga. — Correspondenzblatt, IC*' Jabrgang, 
1869. Containing meteorological observations at Eign, from Septembw 
1807 to July 1868, (new style,) inclusive. 

Natunoiss^tschaftlicJw OeselUclia/t, St. Gotten. — Bericht iiber die 
Thiitigkcit der St. Galteseben Naturwissenscbaftllicben Qesellscbaft 
wilbrend des Vereinsjabre.s, 1867-'68. Contaiuiug: Eiuige Erfahrun- 
gen iiber klimatiscbe Kurea und Kurorte. Von Dr. W. Steiulin. 

Nelson, S. Augustus, Georgetown, Massackusetts. — N^e^vspaper accounts 
of tbe great storms of September and October, in New England. 

Observatoire Imperial de Parts. — Atlas des mouvementa g»5n^ranx de 
I'atiuospfebre. Ann^ 1865 ; Janvier, F<ivrier, Mars. Obi. folio. 00 
cbarts. Atlas m^t^orologique, 1867. 

Observatoire Royal de Brvxelles. — Annales m^t^orologiques. Bnix- 
elles, 1868. 4°. 104 pp. 

O»serriatorio del Real Collegia Carlo Alberto in Moncalieri. — Bnllctiiio 
meteorologico del Osservatorio del Beal Oolligeii Carlo Alberto in Mon- 
calieri, con corrispondenza del Osservatorio del Semiuario di Alesssan- 
dria. Vols, i, ii, iii, {1805-'00-'07-'68,) 4°. Vol. i, 120 pp. ; Vol. ii, 112 
pp. ; Vol. iii, 104 pp. 

Paine, R. T. — Meteorological report for October, at Boston, Massachu- 
setts, Newark, New Jersey, and St. Paul, Minnesota. (Newspai>cr sUp.) 

Parker, J. J)., Steuben, Maine. — Newspa))er accounts of the great 
storms of September and October, 1809, in Maine. 

Printed oAsti-aet of meteorological register for 1860, at Portland, 
Maine, by Henry "Willis. Also newspaiier slips for several months of 
1859 and 1801. 

Pearce, T. — Weather record for September, 1869, at Ela, Polk County. 
Georgia. 

Petterson, F., hospital stacard. United States Armij. — Table of mean 
temperatnrc, humidity, and rainfall, at San Antonio, Texas, during tbe 
years 1808 and 1809. 

Plantam&ur, B. — B^sum^ mi^t^rologique de I'ann^o 1866, pour 
Geneve et le Grand St. Bernard ; par E Plantamonr. Tir<5 des Archives 
des S<'iences de la Biblitioth^qne IJniverselle, Geneve, September 1869, 
8°. 232 pp. 

— B48um6 m^t^orologique de I'ann^e 1867, pour Goi^ve et le Grand 
St. Bernard. Octobre 1868. HP. 132 pp. 

Real Osservatorio di Modena. — Sui coefBcienti ozonometrici, dell' 
amidita e della temperatura, nota del Prof. IJ, Bagona. 8°. 10 pp. 

— Suite oscillazioui regolari ed irregolari della temperatura, dal Prof. 
D. Ragona. 8°. 12 pp. 

— Itiduzioue della pressione atmosferica al medio-livello del mare, per 
g]i stazioui meteorologicbe italiane, del Prof. D. Bagona. 8°. 8 pp. 

— Sulle variazioni diume della temi>eratura e sal coefiiciente di Kaemtz 
in Palermo. Lettera al cbiar. Signor A. Quetelet, direttore del Iteal 
Osservatorio di Brussselles, del Prof. D. Uagoiia, direttore del Eeal Os- 
servatorio di Palermo. Palermo, 1859. 8'=. 54 pp. 

— Osservazioni su la evaporazione, del Prof. D, Kagona. 4<'. 8 pp. 

— Biassnnta delle osservazioni meteorologicbe, eseguite nel Real Os- 
servatorio di Modena nell anno 1866, dalProfl JD.Kagona, direttore dell 
osservatorio. Stessa. 4°. 7 pp. " ;-- i 
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— Sol calcolo dei valori medii in meteorologia^nota del Prof. D. Bagona, 
direttore dell Beal Oaaervatorio di Modeaa. 4°. 2 pp. 

— Descrizione del barometro regietratore del Beal Osserratorio di Mo- 
dena, del Prof. D. BagODa. 4°. 8 pp. 

— SuUe variazione periodicie del barometro net clima di Milano, tne- 
moria di G. V. Schiaparelli e Q. Celoria. 4°. 31 pp. Tav. iii. 

Beat Oaservatorio di Palermo. — Giomale Astronoiuico e Meteorolo- 
gico, pubbl. dal Prof. D. Bagooa. Vol. i, Palermo, 1855. 4o. 375 pp., 
Vol. ii, Palermo, 1857. 4°. 391 pp., (three volames in one.) Vol. iii, 
Palermo, 1859. 4°. 375 pp. 

Regh Osservatorio dell Univeraita di ToWno. — Bolletino meteorologico 
ed astronomico. Anuo ii, 1868. Oblong 4°. 7G pp. 

Boche, Edovard. — liecherches sur les affuscations du Boliel et les m6- 
teioroscos miijiies. Paris, 1868. 4P. 80 pp. 

Royal Observatory, Qreenwich. — fiesolts of magnetical and meteorolog- 
ical observations, 1866. 4^. 3U3 pp. 

Sanford, Pro/mor 8. P.— Meterological registers for 1866-'C7-'68, at 
Penfield, Georgia. 

Sartoriue, Dr. C. — Survey of meteorological obser\'atioDS at Mirador, 
Mexico, during the year isiss. 

Saicyer, H., United States consul. — Newspaper slips contaiuing meteo- 
rological observations at Paramaribo, Dutch Guiana, for the lirst hidf 
of the year 180!), (.January to June, inclusive.) 

Sckweizerixche Naturforschende GeselhcftaJ^ Bent. — Schweizerische 
meteorologische Bw>bachtungeu. 5*"' Jahrgaug, 1868. 4^. 22 pp, pi. 2. 
(Also September, November, December, 1808. 4°. pp. 470-022.) 

Scottish Meteorological Society. — Journal for the half year ending June 
30, 1868. Large 8°. 47 pp. Journal for the half year ending January, 
1809, with tables for the quarter ending September, 1868. 8°. pp. 31. 

Shepherd, Smiley. — Monthly means, &c., of temi>eratnre at Hennepin, 
lUinois, for 1869. 

Sisson, B. — Mean temperature of twenty months, commencing April, 
1868, at Factoryvillc, Pennsylvania, with comparisons of the month of 
November witb former years. 

Smith, Q., lioapital steward. United States Army. — Meteorological reg- 
isters for the mouths of July and Augnst, 1SC9, at Gamp Date Greek, 
Arizona Territory. 

Snow, Ediein if., M. D.-r-Fifteenth registration report. State of Rhode 
Island, 1867, (containing meteorological tables, and remarks by E. T. 
Caswell.) 

Soei4l4 d' Agriculture, Sciences, Arts et Belles-Lettres du Vepartement 
d^Indre-et- Loire. — Annales. Containing: Ohservations m^teoroiogiques 
faites 1^ Tours, par M. de Tastes. 

Sociili d' Agriculture, Sciences et Arts de la Sarthe. — Bulletin. 112"" 
B^rie, tome xi, 1807-08. Gontaiuiug: Ubscrvatious mct^orologiques 
faites^ Mans, par M. Bonbomet. 

Soeiiti ^Horticulture dePAltier, MouUns, France. — Annales. Contain- 
ing meteon)logicnl observations by M. Doumet, at Balcine, AUier, for 
a series of years, (1805-'06.) 

Sociiti Metiorologique de France. — Annuaire de la Soci^t(5 M('t(''orolo- 
giquede France. Tome5""', 1809, tableaux m^t^orologiques, fcuilles 7-11, 
SP. 39 pp. Tome O"", 1803, feuilJcs 1-5. Bulletin des scoances. 80. 
40 pp. Tableaux m^t^orologiques. 8°. 40 pp. Nouvcllcs m(^'t^oro- 
logiques. Pamphlet. Large 8°. 30 pp. 

Stanky, J. U. 8. — Monthly reports of the weather (msa)at Houston, 
'^''^ r ,„„„,Ci)ogle 
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Stewart, W. if.'^-'Dmgraiii of tbe aDoaal qaantity of rain fallen at 
Glenwood, Tennessee, from observations made during the years from 
1851 to 1868, inclosive. (The same that is referred to on page 523 of 
Professor Sufiford's report on the geology of Tennessee.) 

Thomas, Rev. C. — Copy of monthly aggregates from the rain register 
kept at Fort Garland, Colorado Territory, from April 1853 to Septem- 
ber, 18C9, inclusive. 

TutuiiuT, S. — Accoont of a meteorite observed near Fi-ankfort, Ala- 
bama. (N'ewspaper slip.) 

United Stales consulate, Vahticia, iSpai»,— Newspaper slips with me- 
teorological records made at the Meteorological Observatory of tbe Uni- 
versity of Valencia. 

Vacher, Dr. — Carte repr^sentant la mortality et I'^tat m^t^orologiqne 
de Paris en 1805. 

Verein der Freunde der Katurgesckietttein Mecklenburg, Qvjitrow. — Arch- 
ive, 22" Jabre, 1869. Containing Uebersecht der aus den meteorolo- 
giscben Beobacbtungen zu Einrichbagen im Jahre 1867 gefimdenen Mit- 
tel, (20 Jabre.) 

Vtnal, IV". J. — Weather record at Vinal Haven, Maine, during a por- 
tion of October, 1809. 

Warren, W. J. — Record of tbe weather at Chilukweyuk Depot, North- 
west Boundary Commission, from December 29, 1558, to April 24, 1859. 

WhitaUer, B. — Newspaper slips containing accounts of the weather at 
Warsaw, Illinois. 

'White, Captain A. T., United States revenue marine. — Meteorological 
register kept on board of tbe United States revenue steamer Wayanda, 
cruising on the coast of Alaska from May 13 to October 14, 1808. 

Williams, Rev. R. 6. — Hourly tbermometrical and barometrical obser- 
vations at Waterbury, Connecticut, and Castleton, Vermont, (in addi- 
tion to regular observations on Smithsonian blauks.) 

Zcledon, Jo84. — Observacionea meteorologicas bechas en la cindad de 
San Jos^ durante el primer semestrc del868. Oficiua Central de Esta- 
distica, Snn Jos^. 

Observaciones meteorologicas hechas en la cindad de Heredia (Costa 
Bica, Seuor Bohrmoser) durante el aiio de 1868. 
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REPORT OF THE EXECUTIVE COMMITTEE. 



"WASHiKaTON, D. C, February 1, 1870. 

The ExecTttire Committee of the Smithsooiaii Institution respectfully 
BQbmitB the following statemeat of the financial condition of Smitlison's 
tmst fund, and the application of the income for the year ending Slat 
December, 1S69, with estimates ol receipts and proposed appropriations 
for 1870: 

Theheqaestof Smithson in the United States treasaryis.. $541,379 63 
The Be^nts have added to this investment from savings, 

&c 108, 620 37 

Making the Smithson fund in the U. S. Treaanry, as a per- 
petual loan, at 6 per cent., on the Ist January, 1870 C50, 000 00 

And in Yirginia State 6 per cent registered stock . $53, 500 
'Withonpaid interest to Jannary, 1867 19,260 

$72, 760 
The value of which, at the present time, may be estimated 

at 58 per cent 42, 200 80 

Total invested capital 692, 200 80 

And a cash balance in bank of 20, 960 65 

Thns making Smithson's Tmst Fond, on the 1st January, 
1870 713,170 45 



BECEIFTS IN 1869. 

Interest &om the Treasurer of the United States, on 
$650,000, at 6 per cent., for the year ending 31st Decem- 

berjl869 «39,000 00 

Prenunm on sale of gold, at 34j and 19| per cent premium. 10, 615 20 - 

Sales of publications 235 68. 

Sales of old and aseless material 232 07 

Bepayment of expenses of explorations and collections- . - 7S2 15 

B^tayment for freights on liteiary and scientific exchanges . 617 66 

Total Income for the year 1869 61, 232 66 

Gash balance in bank, January, 1869 10, 353 74 

Amoont available in 1869 * 961, 685 30 

In addition to this sum, Uie Institntton received from and accounted 
tor to the ]>epartment of the Interior the sum of $4,000, appropriated. 
hj Congress for the preservation and care of the property in me mu- 
■eom, collected by Government exploring expeditions. , . . 
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Statement in detail of expenditureg during tke year 1869. 

For reconstrnction of parts of bnilding destroyed 
by Are $1,7U 70 

For general repairs of the building 2, 345 25 

For furniture and fixtures, cases, carpets, stoves, 
&c 2,620 96 

$6,630 90 

GENERAL EXPENSES. 

For meetings of the Board of Regents $122 00 

For lighting the bailding 239 13 

For warmiDg the bailding 1, 389 77 

For postage 289 50 

For stationery 437 18 

For printing blanks, cireulars, receipts, &c 322 25 

For toots, materials forcleaning and incidentals . 328 89 
For salaries of secretary, chief clerk, and assist- 
ants 7, 814 92 

• 10,943 64 

FUBLIOATIONS Aim BESEABOHES. 

-Forpublishing Smithsonian contributions, 4to.. $1,987 18 
■FoT publishing miscellaneous collections, 8vo.. 3,037 50 

iFor publishing Smithsouian reports, 8vo 1, 458 55 

^or meteorology, salaries of clerks and comput- 
ers, rain gauges, and thermometers 1,581 10 

iFor apparatus for researches , .' 146 80 

.For explorations, natural history, and archaeol- 
ogy in Mexico, Florida, Alaska, ^ew Mexico, 
Hudson's Bay, Alabama, and ^ova Scotia. . . 611 54 

8,822 67 

LIBBABY, UUSEUM, AND EXOHANQES. 

-Tor porchaseof books, periodicals, and binding. $436 04 

For literary and scientific exchanges, agencies 
at Leipsic, London, Paris, aud Amstenlam.. 4,860 94 

For assistants in museum, janitor, watchmen, 
laborers, &c 5,307 50 

Tor incidentals to museum, freight, alcohol, tax- 
idermy, &c 3, 513 96 

For gallery of art: Portrait in oil of the late Dr. 
Bobert Hare, who gave his collection of chem- 
ical and philosophical apparatus to the Insti- 
■tatioB 100 00 

14,218 44 

Expenditures daring the year 1869 40, 615 65 

Deducting this amount &om the receipts of the 
.year and cosh in bank in Janaary, 1869, viz: 
receipts $61, 585 30 

Leaves a b^ance in bank, Janaary, 1870 $20,969 65 
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ESTDUTES AND APFBOPKU.TIONB FOB 1870. 

Receipts. 

Interest on the Smithson Fund ia the treasniy of the 
Uoited States, t6»0,000, payable 1st July, 1870, and Ist 

Jauuary, 1871, at 6 per cent gold JSO, 000 06 

Probable premium on sale of coin, at 18 per cent 7, 020 00 

Interest on Virginia 6 per cent, stock, 1369, 2 per cent 1, 45i 00 

interest on Virginia 6 per cent, stock, 1870, 2 per cent. ... 1, 454 00 

Sales of useless property, &c 500 00 

Income for the year 1870 49, 428 00 

APPE0PEUTI0H8 FOE THE YEAK 1870. 

For general expenses $12, 000 00 

For publications and researches 15, 000 00 

For mnsenm and collections, not including the 
apropriation by Congress for care and pre- 
servation of the Wilkes and other ezplor- 

hig expeditions 6, OQO 00 

For literary and scientific exchanges 5,000 00 

For building and contingencies 5, 000 00 

43,000 00 

EXAHINATION OP ACCODHTS. 

The committee examined 497 receipted vouchers for payments made 
during the four quarters of the year 1869, In every case the approval oi 
the secretary of the Institution is given on the face of each voucher, 
and the certificate of an authorized agent of the Institution is api>cnded 
to each voucher, setting forth that the materials and property and ser- 
vices rendered were for the Institution and applied to the purposes 
stated in the account. 

The quarterly accounts-current, bank book, check book, and ledger 
were also examined, and showed that the payments were made in con- 
formity with the regulations prescribed by the Itegents, and that the 
cash balance stated in the accounts current for each quarter was in 
deposit to the credit of the Institution in the authorized depository, 
after all the quarterly accounts charged in the abstracts were paid. 

In conclusion, the committee finds that all the expenses of the Insti- 
tution have been paid in full to the end of the year, leaving a caBh 
balance in bank on the 1st January, 1370, of $20,969 65. 
All of which is respectfully submitted, by — 

RICHARD DELAFIELD, 
PETER PARKER, 
JOES MACLEAN, 

Executive Committee. 
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JOUENAL OF PROCEEDINGS 

OF 

THE BOARD OF REGENTS 

SMITHSONIAN INSTITUTION. 



WAsniNGTON, D. C, Febman/ 3, 1870. 

A meeting of the Board of I'egtnta of the Smithsonian Institution 
was held on Thursday, February 3, 1870, jtt 7 o'clock p. m., at the Insti- 
tution. 

Present: Ohicf Justice Chase, Chancellor of the Institution, Messrs. 
Hainliu, Trumbull, Poland, Cox, Maclean, Dela&eld, Parker, and the 
secretary. 

The minutes of the last meeting were read and adopted. 

Professor Henry, the secretary, announced that Hon. Ilannibal Ham- 
lin, of the Scuate, bad been appointed a Eegent, vice Mr. Feasenden, 
deci?;ised; that Hon. James A. Garfield and L. P. Poland had been 
reapiwiuted from the House of Eepresentativcs ; and that Hon. S. S. 
Cox had beeu appointed, vice Mr. Pruyu, whose term had expired. 

The secretary announced the death of Charles Armistead Alexander, 
esq., a valued collaborator of the Institution, whose series of spirited 
translations of the eulogies of eminent men, delivered before foreign 
academies, have added much value to the annual reports of this estab- 
lisbmeut, and have been received in several cases with much commen- 
dation by the original authors. 

On motion of Dr. Maclean, it was 

Eesolved, That the Eegents of the Smithsonian Institution recognize, 
in the death of Charles A. Alexander, esq., the loss of a valued collabo- 
rator, and that they sympathize with his friends and relatives in the 
bereavement to which they are subjected. 

The secretary presented a general statement of the financial condition 
of the Institution, 

General Delafleld presented the annual report of the Executive Com- 
mittee relative to the receipts and expenditures during the year 1869, 
and the estimates for the year 1870, which was read and accepted. 

On motion of Dr. Maclean the secretary was directed to have an in- 
surance effected on the east wing and range of the Smithsonian building 
to such amount as he may think necessary. 

The secretary presented the eulogy on the late Professor A. D. Bacbe, 
which was received and ordered to be printed in the annual report. 

General Delafield, for the Executive Committee, repoited that they 
were still collecting facts and statistics relative to the city canal, and 
would hereafter present a further report. 

The secretary stated that it was his painful duty to announce that 
BJnce the last meeting of the Board the death had occurred of one of its 
most distinguished members — the Hon. William Pitt FensendcoL 
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Appropriate remarks were then made relative to the servicea, charac- 
ter, and virtnea of tbe deceased, by Messrs. Trumbull, HamliD, Parker, 
and the Chancellor, Chief Justice Chase- 
On motion of Mr. Trumbull the following resolutions were adopted : 
Besotted, That the Board of Kegents of the Smithsonian Institution 
deeply mourn the loss of their distinguished fellow-regent, William Pitt 



Resolved, That in the death of Mr. Fessenden our country has lost a 
refined and influential citizen, the Senate of the lTnit«d States an able, 
judicious, honest statesman, and this Institution an active, iutelligent, 
and learned Regent. 

Resolved, That we sincerely condole with the afflicted family of Mr. 
Fessenden, and ofifer to them our heartfelt sympathy Id their great 
bereavement. 

Resolved, That a copy of these resolutions be communicated by the 
Secretary of the Smithsonian Institution to the family of the deceased. 

Resolved, That Chief Justice Chase bo retjuested to prepare a eulogy 
on Mr. Fessenden, for insertion in the journal of tbe Board of Begents. 

General Delafield in behalf of the Executive Committee, stated that 
they deemed it highly import»nt for the uiterests of the Institution iu 
the promotion of science, and due to the secretary for his long and 
devoted services, that be should ^isit Europe to consult with the savaus 
and societies of Great Britain and the continent, and lie thoret'ore hoped 
that a leave of absence would be granted to Professor Henry for several 
months, and that an allowance be made for bis esi>enses. 

On motion of Dr. Maclean, it was unanimously — 

Resolved, That Professor Henrj', Secretary of the Institution, be 
authorized to visit Enro[>e in behalf of the interests of the Smithsonian 
Institution, and that he be granted from three to six months leave of 
absence, and two thousand dollars for traveling esitcuses for this 
purpose. 

Judge Poland moved, that in consideration of the exti-a services which 
had been rendered by Mr. Bhees, chief clerk, since tbe death of Mr. 
Kandolph, bookkeeper of the Institution, in auditing and keeping the 
accounts for the last three years, he be allowed $350, in addition to 923U 
already received, or $200 per year. 

This proposition was advocated by the secretary, who considered it 
jost not only in regard to the particular services in question, but also 
for bis efiSciency in the conduct of the general business of the 
eatabiisbment. 

The motion was agreed to. 

Adjourned to meet on the 10th instant, at 7 o'clock. 



Washinoton, D. C, F^ruary 10, 1870. 

A meeting of the Board of Begents of the Smithsonian Institution 
was held on Thursday, Pebmary 10, 1870, at 7 o'clock p. m., at the 
Institution. 

Present, Messrs. Chase, Trumbull, Hamlin, Davis, Garfield, Poland, 
Delafield, Parker, Bowen, and the Secretary. 

The Chancellor took the chair. 

The mmutes were read and approved. 

Professor Henry presented his annual report, which was accepted. 

On motion of General Garfield, it was — 

Beaolved^ That the Executive Committee and the secretary be dinnted 
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to prepare a detailed Btatanent of all tlie money expended od tbe 
museum during the past year, distingnishing between the items directly 
and exclusively chargeable to tlie care of the collections of the Govern- 
ment, and those of a contingent or indirect character. 

Mr. Hamlin presented the following, which were adopted : 

Having learned that the chief clerk of this Institntion, Mr. Williun 
3. Bheeij, is about to resign the office he has filled for seventeen years, 
to engage in an active business enterprise — 

Seaolved, That the Board of Regents highly appreciate bis worth aa a 
man, and his services as an officer of this lustitution. 

Beaolved, That while they regret his resignation of an office which he 
has filled with honor to himself and advantage to the Institution, they 
hope that be may be equally successful in uie career on which he is 
about to outer, and that a copy of these resolutions be presented to him 
by the secretary. 

The Board then adjourned to meet at the call of the secretary. 

[Note. — After this meeting the annual report was submitted to Con- 
gress and ordered to be printed ; therefore, the subsequent proceedings 
of the Board for the session of tiie beginning of 1870 will be found in 
the next annual report. — J. H.J 
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GENERAL APPENDIX 



REPORT FOR 1869. 



D,j.,.db,Googlc 



The object of tbis appendix is to illnstrate the operations of the In- 
stitation by reports of lectures and extracts fh>m correspondence, as 
well as to ftimish iDfonnatiou of a character salted especially to the 
meteorological observers and other iteraons interested in the promo- 
tion of knowledge. 
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KEPLER: mS LITE AND WORKS. 



Bt M. Bebtrand, MeaAer of th« JPretuA Aeadems of Sdtntn.' 



[TVMMliiled/or Die AniOMiiiait I<Mtit»tio» ly C. A. Alexander. J 

The highest laws of the physical world have been established by 
geometers ; the hyxmtheses on whiiili those laws rest acquire real import- 
ance only after having been submitted to tbeir decision: and yet the 
progress of natural philosophy would have been impossible if the great 
men to whom they are due, imbued only with a geometrical spirit, had 
regarded only its inflexible rigor. 

Let us imagine a geometer initiated in the most elevated theories of 
abstract science. I speak not merely of a disciple of Euclid and Archi- 
medes, but an intelligent reader of Jacob! and of Abel; and let us suppose 
that, while a stranger to every idea of astronomy, he should untlertaUe 
to penetrnte by his own independent efforts the general structure of the 
universe and the arrangement of its parts. Let us place him, moreover, 
in the most favorable conditions ; let us admit that, free in spirit as Co- 
pernicus, he reposes not in the deceptive representations of the senses 
wliich, veiling from us the movements of the earth, have caused its 
immobility to- be so long regarded as an axiom : what imix)ssibilitie3 
will present themselves to his imagination! Borne along by an un- 
known movement, perceiving no hxeil directioti, no stable hiisis on 
which to rely for the determination of distances, he finds himself with- 
out data for the solution of the problem. Our geometer will attain, 
perhaps, to a conception of oor own incommensurable littleness ; but, 
perceiving no certain route, bo will stop short by asserting in tlio name 
of a science which be believes infallible, because it leaves nothing to 
hazard, that, whatever the genius of man and the resources with which 
art may endow his organs, our path through space is to liim as undis- 
coveraWe as would be that of a grain of dust borne on the wind to the 
animalcules which inhabit it. 

Happily Pascal has gone too far in asserting that what transcends 
geometry lies beyond onr reach. This disconniging appreciation takes 
no account of a sentiment implanted in the depths of the human soul ; 
a sentiment which sustained Copernicus after having inspired Pytha- 
goras. Outside of all demonstration, in effect man believes in the har- 
mony of the universe andthe simplicity of its mechanism; and,a]though 
imagination stands in strong contnist to geometry, the history of as- 
tronomy presents them to us united in a strict alliance ; the former sus- 
tained by well-regulated reason, in aoraesortoutstrippingtruth in oi-der 
to reveal, as if by intuition, the beauty and general order of the system 
of worlds; the latter exerting its powers to test the true and the false, 
and by separating one from the other, finally to arrive at certainty. 

The situation of the astronomer who seeks to divine the symmetrical 
and regular order of the celestial bo<iies, presents a certain degree of an- 
alog}- with that of the philologist who, with unknown characters before 
'i£6Hoire» de FAoadiaue de Scimca it FInitUat Imperial de France, t, xssv, 1866. 
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bim, strives to reconstruct the words and ideas wliich they express. Foi 
the philologist as for the astronomer the problem is indeterminate, and 
it might be assumed that its solution is arbitrary ; what assurance is 
there in fact that those strange figures are not simply decorative 
designs, capriciously traced without order and without object t And 
if they have in reality a meaning, no train of rigorous dedoctions 
can reveal it by leading as from the known to the nuknown through a 
logical and sure chain of reasoning. It is necessarj' in such an inquiry 
to proceed tentatively, to accept conjectures founded on fugitive and 
remote analogies, to establish systems which the further study of facta 
will often overthrow, to irame hypotheses which will presently be re- 
jected, but which will be patiently replaced by others, and to do this 
without discoupgement, because tilie true solntioD, we may be certain in 
advance, will, when once detected and in whatsoever manner obtiiiued, 
offer such a character of certainty that no further place will be left for 
doubt. The same is the case with the trae astronomical systems ; it ia 
impossible to establish it by a series of rigoions deductions, and 
successively to demonstrate its different parts according to thn method 
of the geometers. But, when a man of genius shall have divined, in 
whatever way it may be, the principles which reconcile the aniform and 
simple reality with the complex and variable appearances, judicious 
minds will at once recognize the truth of the hypothesis, without scruti- 
nizing the means which have led to it, and without waiting for the 
solid and luminous proofs which, accumulating from age to age, will at 
length convert the most refractory by enlightening even the blindest. 
It is not my purpose to retrace^ here, the history of the efforts succes- 
sively made in this direction, which would be the history of astronomy. 
From among the great men who, withdrawing the veils which hide it, 
have by degrees revealed the universe in its " full and sublime majesty," 
I have simply selected, in order to sketch the part which he performed, 
the most intrepid, persevering, and inspired of thorn all ; by these terms 
I designate Kepler^ 

John Kepler was bom at Weil, in Wiirtemberg, 27th of December, 
1571, twenty-eight years after the death of Copernicus. His father, 
Henrj- Keplor, who belonged to the noble family of Keppel, was not 
Tforthy of such a son ; he several times abandoned his wife, who herself 
was of evil reputation, and scarcely gave any attention to his four 
children. The early education of John was, therefore, much neglected ; 
Lis mother, who could not re-ad, sent him, it is true, to school, but kept 
him at home whenever his services could be turned to account in the 
inn, which reverse of fortnae had reduced her to the necessity of keep- 
ing. The boy's weak constitution, fortunately, rendered him but little 
fit for such employments, and it was decided that he should study theol- 
ogy. At the age of thirteen he was gratuitously admitted into the 
Protestant seminary of Maulbronn ; a favor easily obtained, for instruc- 
tion was at that time propagated throughout Protestant Germany with 
a zeal equally liberal and enlightened. "It is the head and not the arm 
which governs the world," said the rector of the University of Maul- 
bronn, in 1578; "there is need, then, of educated men, and such fi-uit 
does not grow upon trees." 

From Maulbronn, Kepler, who advanced rapidly in his studies, passed 
to the seminary of TUbiugen, where he applied himself to theologj-, but 
without giving to it his whole attention. He here comjioscd some Latin 
verses on the ubiquity of the body of Christ, the elegant precision ot 
which attracted the admiration of the secretary of the national depu- 
ties. Yet, when he quitted, at the age of twenty-two, the school of TU- 
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bing^D, he was not thonght qualified to labor for tbe advancement of 
tbe cbiircb, and, fumisbed only with a flattering attestation of eloquence 
and capacity, he was named professor of mathematics and morals in the 
college of Grdtz, in Styria. 

The Archdnke CbarleSj of Austria, who then governed Styria, pro- 
fessed the Catholic rebgion ; but, what was very rare and little to be 
expected at that epoch, be esitendcd to heretins an absolute tolerance ; 
60 that the Protestants, who then ccuistituted a majority of the rich aud 
enlightened classes, eiyoyed full liberty to call to their service for all 
offices such of their eo-religionista aa had been instructed elaewbere. 
Hence it was, that Kepler received an invitation to Griitz. Instruction 
iu astronomy being one of his duties, be was charged Vith the compila- 
tion of an almanac, and it was but natural that iu a Catholic country, 
be should adopt the Gregorian reform which the Protestants obstinately 
rejected ; choosing much rather, as was said, to be at variance with the 
suu than in accordance with the Pope, Kepler, who never consented under 
tlie most difficult circumstances to compound for tbe free expression of his 
religious sentiments, separated, on this occasion, from his co-reliKiou- 
lats ; the question, as he justly urged, was a purely scientific one. More 
than once in bis career did he encounterit, and bis opinion never varied. 
Sixteen years later, iu 1G13, in order to induce Germany to accept the 
new calendar, he composed, at the instance of the Emperor Matthias, a 
dialogue between two Catholics, two Protestants, aud a niatheinatician, 
the latter of whom enlightens, and finally convinces the others ; but 
Kepler was not equally successful with the Diet, to which the question 
was submitted, and, in spite of bis eSbrts, the Gregorian reform was 
postponed till a long time afterward. 

To increase the s^e of bis almanacs, Kepler did not shrink from in- 
serting astrological predictions of political and other events, and, as a 
few happened to be realized nearly at the time predicted, not a little 
credit accrued to him on that account. His biographers have affirmed, 
however, that, superior to tbe prejudices of his age, he had no faith in 
astrological divination, but bis correspondence shows that at this e|>och, 
and even many years afterward, he was i^ersnaded of the intiuence of 
the stars on events of every nature. In one of his letters he makes an 
applicatio uof his principles to the newly-born son of his master, Mcest- 
liu, aud annonnces that be is threateued with a great danger. " I doubt," 
he says, "whether he can survive it;" and, in fact, the child died. Just 
at tliat time one of his own children was also taken away; and when, 
on occasion of this double bereavement, we find him, with expressions 
of afi'ectionate interest for his master, again speaking of tbe fears which 
hehadconceived, how is it possible to l)elieve that he was not in earnest t 
Bat bis predictions were not always so exactly fulfilled, and, after being 
often deceived, Kepler became less and less credulous. Thus it fared 
witli astrology as with many other errors which entered his mind with- 
out taking root. He said, indeed, that, as tbe daughter of astronomy, 
astrology ought to nourish her mother; and he continued during life 
to make for those who asked it, and for a consideration, predictions and 
horoscopes conformable to the rules of the art. But, so far from abusing 
the cimlulity of bis cUents, be avowed to them that, in his o)>iuiou, his 
conclusions should be reganled as uncertain and suspicious; telling 
tbem, as Tiresias tells TTIysses, (in Horace:) Quicquid dicam aut erit aut 
non — (What I may say will or will not come to pass.) 

The first scientific work of Kepler is entitled Mysterium cosmographi- 

eum, and was composed during tbe earlier part of his residence at Gr^tz. 

I undertake to prove," he says in bis preface, "that God, in creating 

,, I A.OtWIC 
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the nuiverse and regulating the order of the cosmos, had in view the 
five regular bodies of geometry as known since the days of Pythagoras 
and Plato, aiid that he has fixed, ac«ordiug to those dimensions, the 
nnmber of heavens, their proportions, and the relations of their move- 
ments." 
t It is impossible not to be struck Trith the confident ardor of the young 
author and his enthusiastic admiration for the wisdom which governs 
the world and the majesty of the problems to which hia life was to be 
consecrated. "Happy the man," says he, "who devotes himself to the 
study of the heavens ; he learns to set less value ou what the world ad- 
mires tho mostj the works of God are for him altove all else, and their 
study will furiiisK him with tho purest of enjoyments. Father of the 
world," he adds, "tho creature whom Thou hast deigned to raisin to the 
intelligent contemplation of Thy glory is like the king of a va.st empire: 
he is almost comparable to a god, since he has learned to comprehend 
Thy thoughts." The theory which inspired such transportti is to-day 
disavowed by science. That brilliant edifice was destined to trnmble 
away, little by little, for wnnt of sure foundations, and Kepler, at that 
epoch, may be likened, according to Bacon's happy comparison, to the 
lark which soars to the skies, but brings back nothing from her excur- 
sions. 

He always entertained, however, a great tenderness for this first labor, 
and, although he himself has, in a second edition, iwinted out grave 
errors, he inaists that no debut in science was ever more happy. Of 
this work little is recollected but some solid and convincing arguments 
in favor of the system of Copernicus. Kepler does not hesitahs to cen- 
sure emphaticsilly, in a note, the tribunal which hud dared to place in 
the Index of the Lateran tlie works of the illustrious Pole. " When we 
have used," he says, "the edge of an axe upon iron, it cannot serve af- 
terward even to cut wood." '-The calculations which he executed cm this 
occasion served, so to speak, to clesir the field which was to yield liini so 
ample a harvest; and the learned world, not less charmed by the agree- 
able and brilliant form of his exiiosition than surprised by the no\eIry 
of his ideas, became attentive to what the young astronomer niiglit in 
future submit to it. 

Having acquired a modest competence by his marriage with the young 
and fair Barbara Milller, already the widow of a first and separateil 
&om a second husband by divorce, Kepler seemed permanently fi.ied in 
Styria, and devoted himself, amid general applause, to the study of 
the science in which he delighted. His correspondence shows him to 
have been, at this epoch, fully satisfied with his labors and in tlie serene 
enjoyment of domestic happiness. This i>eriod of sweet tranquillity and 
studious leisure makes its appearance in his life as a peaceful oasis, 
where ho was to reiwjse but for a short time, and which he was destined 
never to find again. The Archduke Charles had as successor his son 
Ferdinand, who, a far bettor Catholic than he, chose as generalissimo of 
his troops the holy Virgin, and made a vow to extinguish heresy in hia 
estates; the most simple means was to drive out the heretics, and it was 
that to which he resorted. Kepler, protected by learned Jesuits, who 
knew how to appreciate his merit, was treated with an exceptional in- 
dulgence. After having been forced to quit Griitz, he was permitted to 
return on condition of observing due prudence and reserve. This, we 
must conclude, he did not do to a satisfactory degi"ee: for, shortly after, 
he was banished anew, forty-five days Iteiug allowed itim to sell or rent 
the lands of his wife. It was of such acts, doubtless, that a celcbratc<l 
historian was thinking when he wrote that, without disturbance and 
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without crnelty, Ferdiuand succeeded in suppressing the Protestant wor- 
ship iu Styria. 

However this may be, Kepler, thus deprived of the means of subsist- 
ence and banished from Styria, where numerous friends had surronnded 
him, remained unshaken iu his faith. The Counsellor Herwart in vain 
projK>sed to him terms of accommodation ; his integrity conld not be 
made to l>end. Kepler, so ingenious in his researches, was byno means 
so in paltering with his conscience. TTuable to yield his reason to the 
Catholic creed, he obstinately refused it his homage. The reasons on 
whieii he based his resolution, equally remote iirom the weakness which 
bends to persecution and the arrogance which braves it, are impressed 
with a calm and gentle dignity: "I am a Christian," he writes to Her- 
wart, "attached to the confession of Augsburg by a thorough examina- 
tlou of the doctrine, not less than by the Instruction of my parents. 
Tiiat is my faith ; I have already suffered for it, and I know not the art 
uf dissembliug. Keligion is for me a serious affair, which I canuot treat 
with levity." And he continued, without losing heart, to find a refuge 
in science, devoting to it his hours of labor, his studious watchings, tlie 
urdeut yearnings ofbis enthusiasticintellect. But this could not wholly 
preclude the bitter thoughts of oxilo and of poverty; if little concerned 
for himself, he could not help feeliug how nearly those afflictions touched 
those who were desir to him. " I eutreat you," he writes to McBStlin, " if 
there is a place vacant at Tubingen, contrive to obtain it for me; let me 
know," he adds, " the price of bread, of wine, and the necessaries of life, 
for my wife has not b^n accustomed to a diet of beans." It was under 
these trying circumstances that he received from the celebrated Tycho- 
Brab4, who had become acquainted with his adversity, a proposition to 
unite with him in the astronomical labors with which he had been charged 
by the Emperor Rudolph. Kepler did not hesitate, and repaired with 
bis family to Prague. 

Nothing could have been more fortunate for astronomy than the union 
of Kepler with such a man, whose researches, less brilliant perhaps thau 
his own, ai-e distinguished by a laborious precision, which no previous 
astronomer had ever carried to the same degree of perfection. Kepler, 
himself, seems to baVe foreseen all its a^lvantages when, speaking of the 
observations accnmnlated by Tycho, he wrote the year previous to 
M<esttiu : "Tycho is loaded with riches which, like most of the rich, he 
makes no use of." He had practiced observation, in effect, for thirty- 
five years, without any preconceived idea, while keeping an exact and 
minute register of the phenomena of the heavens. These accumulated 
results, without directly disclosing the truth, were admirably calculated 
to preserve Kjppler from error by furnishing a solid point of support to 
the boldness of his inventive genius, and us a limit established in ad- 
vance to prohibit its exeessea Haring soon afterwards become, by the 
death of Tycho, possessor of the precious materials destined to fertilize 
his ideas, he was not slow in perceiving that under the confusion of 
those elements, which he might Justly compare to the scattered leaves 
of the Sibyl, was concealed an eternal and immutable order, and he 
sought it duringuine years with the unwearied devotion which triumphs 
over discouragement, and with the energy which assures success. 

But with a view to proceeding in order, be first directed his attention 
to the elimination of a cause of error already indicated by Tycho, and 
one with which all the astronomical observations are infected : he stud- 
ied the laws of refraction. 

Hipparchus relates that twice in the same day he had observed the 
son iu the equator, and consequently two equinoxes. From this Ptolemy 
78 
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Riinplf coQcIudea tbat one of these observations is erroneous ; bnt tbe 
same singularity preseuted itself ou different oceasions to Tycho, who. 
certain of his own skill and of the precisioa of his instruments, could 
not admit such an explanation. He pointed out the true cause in tbe 
refraction of the luminoas rays, which, null at the zenith, acquires at 
the horizon its greatest value ; consequently, when tbe sun is, in the morn- 
ing, a little below the equator, the refraction, by elevating its rays, may 
produce tbe impression of the observation of the equinox. Some boui% 
later, when tbe sun is nearing the zenith, tbe refraction is less, and thie 
cause of depression, com|>ensating for the distance which the snn bae 
traversed in its orbit, may cause it- to be observed anew in the equator. 

Pliny cites another contradiction not less palpable, which, while 
equjilly showing tbe importance of tbe pbonomenon of refraction, should 
have led the ancient astronomers to make it tbe subject of their study. 
" An eclipse of the moon," he says, " has been observed at the moment 
when the sun was still visible above the horizon." The moon conse< 
queutly disappeared although tbe right line which joins its center with 
that of tbe sun appeared not to encounter the earth. 'J'be fact is a con- 
gtiknt one ; it was observed particularly by itfoastiin and by Tycbo ; yet 
there is evidently a necessity that the earth, in order to eclipse the moon 
by its shadow, most be placed in a right line between the moon and sun. 
It is undeniable, therefore, tbat the three bmlies are really in a right 
line at tbe moment of the eclipse, and the phenomenon must be ex- 
plained by the reflracCion which brings the two luminaries into an appar- 
ently simultaueous opiiosition above I he horizon. It will be seen fVom 
these instances bow important it is that this cause of error sbonid be 
taken into account in tbe discussion of observations. The Arabian as- 
tronomer Alhazen and the Poloiieae Vitellion were the first to call at- 
tention to thispoint, amITycho, who thoroughly felt its importance, gave 
still later a table of refractions relati\'e to different inclinations. 

The difficulty of sacb an investigation is readily perceived, not to 
say tbat any direct determination isimpossible. Refraction is tbe angle 
formed by the right line which really connects the luminous body with 
oar eye, and the line resulting from the direction in which it is per- 
ceived. Now, of tUese two directions the second alone is open to actual 
observation; tbe angle which it forms with the other cannot be meas- 
ured, and it is necessary to calculate it by an indirect process. Tbe con- 
tinuous observation of a star followed from tbe zenith to the horizoc 
might give it; tbe diunml movement, the laws of which are not contested, 
causes the star, in effect-, to describe a perfect circle in the heavens, and 
knowing at every instant where it ought to be, we may place to tbe ac 
count of refraction the observed irregularities. 

The process followed b^ Tycbo is a little different, but he was far from 
attaining the object in view ; according to him, the refraction of the 
light of the stars completely ceases at 20° from the horizon ; tbat of tbe 
sun, being more considerable, becomes null only at 45°, This is alto- 
gether inexact, refraction follows tbe same laws tor all these luminaries, 
and becomes null only at the zenith. Kepler, therefore, took up tbe 
question from tbe beginning, and composed, under the modest title of 
Paralipomena ad VitullMnem, a complete treatise of optics. This work, 
though containing serious errors, is truly remarkable for the time when 
it was composed. We find therein the correct theory of telescopes, ex- 
act rules for determining the focal distance of lenses and the augment- 
ative power of an instrument. Here, for the first time, was given an exact 
description of the eye and the explanation of its mechanism ; it is here, 
finally, that we find an explanation of tbe cinereous light of the lAQOni ^t- 
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tribat«d in a spirit of loyalty to Ub old miwter McBBtlin. Altliough en- 
tirely misled as to an elementary law of refraction, Kepler bag bere cjil- 
cnlatod a table of astronomical refractions, whicb from tbe zenitb to 70^ 
does not differ more tban 9" trom tbat adopted at present, but in o\)- 
proacbing tlie borizon tbe deviations become -more considerable. Wo 
recognize in this book the band of no ordinary artificer ; its perusal is 
embarrassed by few ditBcnlties, and although in its doctrines tares \w 
mingled in abandauce with the good grain, the student wbo wishes to 
prove all things for himself would still And much to repay his labor. 
Descartes, who cites it with houor iu bis Dioptrica, expressly acknowl- 
edged the obligations which he owed to it. 

But, while striving to attain the objects which be had proiwsed to 
himself, Kepler, as astronomer to the emperor, could not properly re- 
main inattentive to tbe events which were taking place in tbe skies. 
He wroto, in 1606, a long dissertation on a star which bad appeared in 
tbe constellation of the Seqteut, and which, alter having shone with a 
brilliancy greater than tbat of Jupiter, disappeared as mysteriously as 
it had come. This phenomenon, strange but not unexampled, caused 
» great sensation. " If I should be asked," said Kepler, " what will 
come to pass; what it is tbat this apparition forebodes t I shall an- 
Hwer withoat hesitation : First of all a flood of writings, published by 
numerous authors, and much labor for tbe printers. If I should be ac- 
cused of having in my dissertation paased too slightingly over tbe the- 
ological and political consequences, I shall reply that my charge imposes 
on me the obligation of promoting astronomy to the best of ray ability, 
but not of fulfilling the otlice of public prophet. I am glad of it ; if I 
bad to speak freely of all that passes in Europe and in the church, I 
should be much in danger of giving offense to all the world, for as Hor- 
ace says, 

" ItiaoM intra tnurot peceatur et ettra."' 

One would scarcely suppose on reading these lines that they were 
written in 1606! 

He proceeds to inquire whence this star could have sprung aud of what 
matter it was formed ; but he does not succeed in solving the question, 
and concludes only that the blind force of atoms has nothing to do with 
it. Of this opinion also was his wife Barbara ; Kepler tells ns so in one 
of those personal digressions in whicb he sometimes indulges, and 
which are so vivid and sprightly that in reading them we almost seem 
to hear and see him, and at the same time are so naturally introduced 
that we feel no surprise at finding them mixed up with the serious 
thoughts on which he is intent. " Yesterday," he says, " fatigued wiUi 
writing and troubled in mind with meditations upon atoms, I was called 
to dinner, and my wife placed a salad on the table. Do yon think, said 
I to her, that if tiu-plates, lettuce leaves, grains of salt, drops of oil and 
\inegar, and fragments of hanl-boiled eggs had been floating in space 
ever since the creation, in every direction aud without order, chance 
conld have brought them together to-day to form a salad ! — Not so gootl 
a one, I am certain, replied my &ir spouse, nor so well made an this 
one is," 

The treatise on the new star, which contains thirty chapters, leaves 
the reader as ignorant as the author himself was and as we to-day are 
of the nature and causes of tbe catastrophe which, ftom the presumed 

* Trijans anil Greeks, seditiona, base, nnjnst, 
Offand alike in violenca and Inst.— Francis's tntn$)atv»t. , . 
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diatnnce of the stars, mnat have been accomplished in the' hearens 
and have troubletl the systems of the cosmos maDy ages before the 
observations of Kepler. 

After nine years of efforts prosecnted with an intense application of 
mind which sometimes, as he tells us, had tormented him almost to 
madness, diu tios torserat ad insaniam, Kepler succeeded in exactly 
representing the movement of Mars by two of the laws which have since 
been recognized as applicable to the other planets, and which have im- 
mortalized his name. His work is entitled : Astronomia nova, sen Physica 
Cfelcstis, &e. (The new astronomy, or celestial physics, founded on the 
stndy of the movement of Mars, deduced from the observations of Tycho- 
Brah<^.) The preface, addressed to the Emperor Rudolph, furnishes a 
curious example of the spirit, of the epoch, even more than of the genius 
of Kepler : 

" I hring to yonr Majesty," he says, " a uoble prisoner, a trophy of an 
arduous and long doubtful war, prosecntcd under your auspices. Nor 
do I fear that he will refuse or scorn the name of captive, siuce it is not 
the first time that he has borne it; long ago, as we are informed, the ter- 
rible god of war fell ingloriously into the toils spread for him by Vulcan. 
Yet, until uow, none had more completely triumphed over all human 
stratagems ; it was in vain that the astronomers prepared every thing 
for the struggle ; in vain that they brought all their resources into action 
and marshalled all their forces. Mars, mocking at their attempts, dis- 
concerted their plans and baffled their hopes. Withdrawn in an im- 
lienetrable secrecy, he succeeded in veiling his skillful evolutions from 
liostile observation. The ancients complained of this deceptive strategy 
more than once, and that indefatigable explorer of the mysteries of 
nature, Pliny, pronounced Mars inscnitable to human eye. 

"Formyselfjionght first of all to extol the activity and pertinacity of 
the valiant chiettain Tyclio-Brah(5, who, under the auspices of the Dan- 
is!i sovereigns, Frederick and Christian, studied every night for twenty 
years the procedures of the enemy, in order to discover the plans of the 
(-ampaign and the secret of his movements. The observations be- 
(]ueathe<l to me by my predecessor have aided me in dispelUng that 
vague and indefinite apprehension which is at first felt in the presence 
of a mysterious foe. 

" During the uncertainties of the contest how many disasters have 
desolated our camp I The loss of an illustrious chieltaiu, seditiou and 
desertion among the troops, contagious maladies, all contributed to aug- 
ment our distivss. Domestic solace and suffering alike interfered with 
business ; a new enemy, as I have reported in my book on the late evan- 
escent star, precipitated himself on the rear of our army ; the veteraoa 
witlidrew, the new recruits were untrained, and, worst of all, provisions 
were exhausted. Finally, however, the enemy became reconciled to 
peace, and by the mediation of his mother. Nature, sent me the avowal 
of his defeat. He surrendered on his parole, and Arithmetic and Geo- 
metry escorted him into our camp. From that time he has shown that 
he can be entirely trusted, and, content with his lot, asks but one favor 
of your majesty. All his family is in the sky; Jupiter is his father, 
Saturn his grandsire, Mercury his brother, and Venus his bosom friend 
and sister. Accustomed to their august society he is ardently desirous of 
recoFCi-ing it, and would wish that like himself they were all received into 
yoiu* majesty's common hospitality. To that end it is important to profit 
by our success and to pursue the war with vigor; its hazards are at an 
end, since Mars is in our power. But I entreat your majesty to remem- 
ber that money constitutes the nerves of war, and to be pleased to order 
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your treasurer to deliver to yonr geDeral the snms necessary for the 
levy of new troops." 

In commeQcing tlie study of the movements of Mnrs, it was incumbent 
on Kepler to ascertaiu with precision the time of its revolutiou, wliicli 
was not unknowu to Tycho, nor even to Ptolemy, who had calculated it 
with nearly equal exactuess. It is a problem, in fact, which, notwith- 
standing ita apparent difflcultte!^, is of easy solution. The imaginary 
right Hue, called the radius vector, which connects the fixed ceutor of 
the suu with the movuble ceuter of the planet, may be compared to the 
baud of a clock, and the time occupied in traversing its vast dial is the 
time of the revolution of Mars : the radius vector which noites the enrtlt 
with the sun may be rcgardeu as a shorter baud thaa the preceding 
and as taming in the same direction. The movement of the latter is 
well known; it makes its circuit in a year. 8upi>ose, now, though it 
be not absolutely exact, that the planes of the two orbits coincide: in 
other terms that the two hands, of unequal length, move on the same uinl- 
plate. Placed as we are at the extremity of the smaller, it is easy for 
ns to not« its coincidences with the greater, and the astronomers who 
attentively observe the sun and the planet Mars will be able to say aS 
what moment we are ou the line which unites them. It has been long 
known that these oppositions of Mars and the sun, or, what amounts to 
the same thing, the coincidences of the two hands of the dial, take place 
OQ a mean every 795 days. The longer hand, therefore, makes in 79a 
days one circuit less than the shorter ; and as the movement of the latter 
is known to us, the tyro in astronomy can deduce therefrom the move- 
ment, assumed to be uniform ; that is to say, the mean movement of the 
other. It is thus that the period of the revolution of Mars has been 
found equal to G87 days. 

This result being well known to Kepler, he conceived the idea of col- 
lating, in the observations of Tycho, those which differed precisely by 
that number of days, and tor which, consequently, Mars, after having 
accomp]ishe<l a circuit, had returned to the same point of its course. 
He thus very ingeniously eluded the diflBcnlty, apparently insormonnt- 
able, which results from its continual displacement in space. The two 
positions of the earth in its orbit being known through the previous 
study which had been made of its movement, the line which unites them 
becomes the base, at the two extremities of which the inquirer is con- 
sidered as placed tor the observation of a planet, which, having returned 
to the same position, may be regarded as motionless. One of the posi- 
tions of Mars will thus be found with the date of two epochs, separated 
by an interval of 6S7 days, ou which it has arrived at that place. By 
interposing other observations separated from the first by a jfcriod of 
two or three revolutions of the planet, the same result will be obtained, 
a result which furnishes a means of verifying the calculations, and at 
the same time, what is still more valuable, a confirmation of the hypoth- 
esis adopted for the law of the movement of the earth. 

Encouraged by this first success, Kepler recommenced the operation 
a great number of times, following the planet step by step, in order, so 
to say, to stake out its course through space; but how many iraints arc 
needed to determine the geometric uature of a curvef Rigorous geom- 
etry answers that, however great the number, it will not suflice, and 
that by any given points an infinite nnmber of distinct curves of very 
different properties may always he made to pass ; it is for this reason 
that so many tables admirably precise obtained by physicists have never 
been found susceptible, notwithstanding their efforts, of being converted 
into mathematical laws. The uncertainty and incompetent of scipnqe 
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ill prcBcace of such a problem require that patieoe^ should come to the 
aid of genius. Kepler attempted at first the verification of the hypo- 
theses previously a4lmitted, by seeking to place all hia points on the 
same cii'cle; but his efforts were futile; his calculations left errors of 
seven to eight minutes subsisting, and be proved that no better could 
be done. Kight minutes seem but a small matter; it is about a fourth 
of the apparent diameter of the sun ; but it is in astronomy especially 
that it may be said with truth : Be who despvtes small things shall fall by 
Utth and tittle. Kepler knew it, and this little error, which he was 
unwillin)? to accept, became considerable by its consequences. " The 
Divioe Goodness," he says, " has given us in Tyclio au observer so exact 
that an error of eight minutes is impossible." The hypothesis of a cir- 
cular orbit was therefore inadmissible; but Kepler does not on that 
account despair of victor^', nor is his confidence at all shaken. He 
fancies that, like the wautiin Galatea (in Yirgil,) Mars files to covert, 
but in hiding wishes not to escape unseen : 

£t fugit oil »a\ioe», el te cupil ante ridfrj. 

This is the first line of his fifty-eighth chapter. 

After numerous attempts and laborions calculations, Kepler at last 
found that an elliptical orbit satisfies alt the observations of Tycho; 
then it wa.s that, as he expresses himself in bis prefiice, hei-egarded 
Mars as a prisoner ou parole. lu a position thenceforth to interrogate 
the captive at leisure, he continued to press the inquiry more closely, 
by marking the places which the new theory indicated for the future, 
and he had the satisfaction of seeing the planet, punctual to the appoint- 
ments which he had fixed, re8i>oud, so to say, to his summons, as the 
stars reply to their Creator in the book of Baruch, which La Fontaine 
BO much admired : You have called me ; behold, I am here ! 

This complete and t>er8istent conformity furnished the irresistible 
evidence of the two celebi'ated laws which he could at length announce 
with certainty : Mars describes an ellipsis of which the sun occupies a 
focus. The areaa described by tJie ra:4liu8 vector are proportional to 
the time. 

But our statement of the great discovery of Kepler would be incom- 
plete did we not particulariise two remarkable circumstances which, 
coming fortuitously to the aid of his penetration, conducted him with 
more facility to the goal from which they might otherwise have turned 
him aside. 

The movement of the earth, the presumed knowledge of which had 
served as a basis for all bis calculations, was theoretically as imperfectly 
known as that of Mars. The circle in which he makes oui- planet move 
should be replaced by an ellipsis; but this ellipsis fortunately difters 
from a circle in a sufliciently small degree to render the substitution of 
one for the other a matter of indifference for the rato of approximation 
to be adopted. Had it been otherwise, the method would have become 
inexact, and the numbers, by contradicting one another, would have 
warned and discouraged the accurate and conscientious inquirer. The 
second circumstance, still more remarkable, perhaps, was the imperfec- 
tion of the methods of observation and of the iustxamcuts of Tycho. 
Kepler might albrm, it is true, that an error of eight minutes was 
impossible, and this confidence saved everything; hwl he said as much 
of an error of eight seconds, all would have been lost. The iutornal 
organ of judgment, to use au expression of Gcuthe, would have ceased 
to be in harmony with the external organ of sight, become too delicate 
and too pieciae. 
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Kepler had, in fact, deceived himself by regarding the importaDt 
advantage obtaiued over the TeiVactory and stubborn plauet, as one of 
those decisive victories which forever termiQut« the contest; the great 
laws to which he had given expression, eternally true as they are within 
dae limits, arc not rigofous and mathematical. Numerous perturba- 
tions cause Mars iuecssaiitly to deviate from his path, and release hint 
from time to time from the frail bonds in which the esulting calculator 
thought him entangled forever. For those, it is true, who are euubled 
to penetrate more deeply, the irregularities in question, once exitlained 
and foreseen, brilliantly contirm the theory of attraction which they 
both enlarge and elucidate ; but the premature knowledge of those i>er- 
turbations, a necessary consequence of more precise observations, would 
perhaps, by involving the truth in inestricable embarrassments, lia\-e 
retardetl for a long time the progress of celestial mechanics. Kepler 
would then have been forced, since the elliptical orbit must have been 
rejected on the same grounds with the circular, to seek by direct means 
tlie laws of the disturbed movement, at the risk of exhausting, against 
insuperable obstacles, all the resources of his i>enetratiou and the 
obstinacy of his patience. 

Kepler now conceived the idea of penetrating more deeply into the 
mysteries of nature and discovering the cause of the movements whose 
laws he had revealed. After having destroyed forever the old error of 
obligatory circular orbits, he announced the simple and true principle 
on which rests to-day all rational mechanics : the natural movement 
of a body is always rectilinear; but unfortunately be adds: "Pro- 
Tide«l there be not a soul which directs it," and this restriction mars 
everything. Nego uttum motum perennam non rectum a Jho oonditum esse, 
prasidio mentali destitutum. There needs, according to this principle, an 
unceasing force to conduct the t>lanet in its curved orbit, and this force 
resides in the sun. Kepler afBrms this expressly : SoUs igitnr corpus ante 
fontem virtutU qu(B planetaa omnes cireumagit. It is the doctrine ot 
Newton, or to speak more generally, it is truth. 

Admirers of Kepler have seen in the two phrases just quoted one of 
his highest titles to renown. On this point 1 cannot agree with them. 
Impatient of the mystery of the planetary movements, Kejtler has here 
not been faithful to tUe inspirations of his genius; uncertain and irres- 
olute, he has attempted on the contrary all kinds of explanations with- 
out adopting and viudicating any one of them, and when the true idea 
crost^ed his mind, he was not able to appreciate or employ it. 

After having said that the cause of the movement is in the body of 
the sun, be supi)oses that the rotation of that orb is transmittetl to the 
planets and imjM'ls them ; he inti-oduces, further, a magnetic force de- 
pending on the direction of the axis of the body thus impelled. Views 
of an extremely vague kind on the natnre of attraction lead him more- 
over to believe that it is inversely proiwrtional to the distance, and it 
has been remarked that with a very slight modification, his reasoning 
would have conducted him to the true law. That does not hinder him 
from believing that the planet, being sometimes nearer to the son, some- 
times more distant from it, must be alternately attracted and repelled. 
With a contradiction which shows beyond all else the uncertainty of his 
ideas, he asks whetlier the planet, compiiaing itii force within itself, is 
not endowed with an active principle which guides as well as moves it, 
and without going so far as to a«cord to it the faculty of reasoning, he 
bestows upon it a hohI, which, instructed as to the route it must follow 
for preserving the eternal onler of the universe, directs and maintains 
it therein with unflagging power and oxbaustless iCuergy*^ ^t^bRw, 
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npou this bypothesia, does the planet succeed in recognizing its ])ath1 
The exiiressioa of its velocity necesstirily includes sines, uud admitting 
even tliat this soul has a perception of angles, by what mysterious 
operation, be asks, could it calculate the sines of those angles t Betmr- 
ring, finally, to the idea of a magnetic attraction, he is apprehensive of 
a conflict between the magnetic power and the aniuml i>ower. These 
coufuse^l reveries iu which llie genius of Kepler involves itself, timko 
us involuntarily think of the wonia we have cited : " Torquebar pane ad 
insaniam ;" they add nothing to his glory; it imiH>rts little that inter- 
polated among these opinions, which are so many errors, he has for once 
announced the truth without founding it mmn solid reasons. When a 
traveler seeks his way iu the tlnrkuesa of a rayless night, and hesitating 
at every step, exclaims anxiously from time to time: Perhaps it is there 1 
shall we praise his sagacity because he has happened tor once to guess 
right and has then pivssed on f 

It would be unjust, therefore, to claim for Cepler tbe discovery of 
universal attraction, but there is lio room lor surprise at this. Mechan- 
ics, scarcely in its infancy, did not enable him, however clear-sighted, 
to test his ideas on motive forces and to transform them into precise 
and calculated theories ; the labors of Galileo and of Hnyghens were 
necessary to prepare even Newton for this, his immortal achievement. 

The studies and meditations of Kepler were often interrupted and 
constantly troubled by chagrins and embarrassments of every kind. 
The heirs of Tycho were entitled to a share in the proi>erty of tbe as- 
tronomic tables which Kepler bad promised; they complained of his 
deferring their publication while he occupied his time with researches 
in physics and with empty speculations, while the celebrated astron- 
omer Lougomoutauus constituted himself the organ of their reproaches 
and unjust suspicious. In a letter, at tbe outset of which he still treats 
Kepler as a teamed man and a friend of long standing, he accuses him 
of indulging au immoderate zeal in the refutation of the theories of Tycho, 
of allowing himself to be diverted from the occupations of his office by 
the passion for criticisiiig eeergtliinn, and of breaking, by attacking the 
works of liis frieuds, lite tie» of affection which bound them to kirn. " If 
my engagements had permitted," says Longomontanus, " I would have 
gone to I'rague expressly to have au explanatiou with you ; but," ho 
adds with increasing acrimony, "of what, after all. uiy dear Kepler, do 
you so much vaunt yourself! All your researches rest on bases estate 
lished by Tycho, in which you have changed nothing. You may per- 
suade the ignorant, but cease to maiiituiu absurdities before those who 
thoroughly understand the matter. You do not fear to compare the 
works of Tycho to the muck of the Augean stables, and, like another 
Hercules, announce yourself ready to cleanse them ; bnt no one is 
deceived thereby or pretiers you to our great astronomer. Your arro- 
gance disgusts all sensible jieople." 

Accusations so remote trom truth could not wound Kepler. He 
despi'ted all this empty objurgation which re-echoed around him. A 
few notes on the margin of the letter from liougomoutanus sliow iu 
what estimation our philosopher held it. ''Pretty abuse," be writes; 
and again, "decent phrases, if you please, to disguise your spleen." 
His reply, in which he declines a useless discussion, displays unbounded 
kindliness^ it enables us to discern the serenity of bis mind and moder- 
ation of his character. "At the moment when I received your militant 
epistle, peace had long been made with the son-in-law of Tycho. You 
and I would resemble, in quarreling, Portuguese and English vessels 
which should light in the Indies when peace was already ratitied at 
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borne Toil blame my manner of oficuaing and refuting. I 

yield tbe [>oint, though I do not tbiuk tbat I have deserved your re- 
pro.aches. From you, my friend, there is no reproof wliicb 1 do not 
accept. I regret that you did not come to Prague; 1 woidd Iiave 
explained my theories, and you would have returned, I trust, ftdly Ratis- 
fled. Tou jeer me. So be it; let us langh together. But why accuse 
me of comparing the works of Tycho with the muck-heaps of Augcas I 
You had not my letters under your eye ; you would have seen tliat tbey 
contained nothing of the kind. The name of Aiigeas has found a lodg- 
ment only in your own imagination. I do not disbuuoF my astronomical 
labors by scurrilities." And iu concluding: " Adieu," bo says ; " write 
to me as soon as possible, to the end that I may know tbat my letter 
has changetl your feelings in regard to me." 

The peace with the heirs of Tycho was but a brief truce; they 
addressed themselves to tbe Eroperor himself; but Kudolpb, though 
incapable as Emperor and King, had an enlightened and sincere love 
for the sciences, and put aside ali these importunate caviliiigs. Sur- 
rounded, however, with enemies and rebels, tbe Emperor of Germany 
could scarce pay his astronomer some light installments on the con- 
siderable amount which he had fixed as his salary, and Ke|>ler, iu order 
to support bis family, was compelled to accept lai>or of every sort, to 
make almanacs, calculate horoscopes, and place his eniditiou at the 
service of every one who could pay for it- 
After the death of Kutlolph, his successor, Matthias, less favorable 
to science and not less embarrassed by the incurable divisions which 
distracted the empire, entirely abandoned tbe observatory of Prague, 
so tbat its labors were interrnpted through the failure of the most in- 
dispensable supplies. Kepler was constrained to relin<piish employ- 
ments which no longer yielded him even bread, and to accept tbe func- 
tions of professor at tbe tTniversity of Liuz. It was in this city that 
he lost bis wife, Barbara. Kot long afterward, in order, he said, to give 
a mother to his three children, but without att'ectiug to have miule by 
doing so any great sacriUce on tbeir account, he married again. After 
having compared with much care and subtlety of discrimination, as we 
see in one of his letters, the merits and attractions of eleven young per- 
sons commended to him by bis friends, he espoused Susannah Iteut- 
linger, orphan daughter of a simple artisan, who had been carefully 
educated in one of the most distinguished boarding-schools of tbe 
country. " Her beauty, her habits, her form," he writes, " everything 
about her suits me. Patient and industrious, she will know how to 
conduct a modest household, and, though not iu her first youth, she is 
of an ago to learn all that may be wanting." This marriage was tbe 
occasion of an important work, in which Kepler shoivs by a new example 
that his genius, iu its comprehensive survey, embraced all tbe depart- 
ments of science. "As I was about to be married," he says in the pre- 
face, " and the vintage was abundant and wine cheap, it was incumbeut 
on a good father of a family to make provision thei-eof and replenish 
his cellar. Having therefore bought several casks, tbe vintner, a few 
days after, made bis appearance with a view to ascertain tbe ])rice by 
measuring their capacity, and, without making auy calculation, plunged 
an iron rod into each cask and at once pronounced its contents." Kep- 
ler then recalls that on the banks of the Kbiue, doubtless because wine 
is there more costly, tbe trouble is taken of emptying tbe barrel in order 
to count exactly the number of quarts it contains. Is tbe much more 
expeditions method practiced in Austria sufficiently exact ! "This is 
a question," says Keplei-, "the study of which is pot np^oi^^^9|^a 
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geometer newly married:" ami, to solve it, lie proceeds to discuss pro 
bleins of geomi^try whicli miiy be accounted among the most difflciilt 
which had heen till then andertaken. A singular consequence deduced 
is the following: 

" Under the inSacnce of a good genius who was, no doubt, a geometer, 
the conatnictors of casks have given them precisely the form which, for 
a line of the same length as that measured by the gaugers, alfords the 
greatest possible capacity ; nud, as in the neighborhood of the nmxiiuum 
the variations are insensible, small accidental deviations exert no appre- 
ciable influence on the capacity, the ex|>etlitious measurement of which 
is consequently sufficiently exact." This idea respecting maxima, thrown 
out in passing, but in such absolute terms, by Kepler, received its devel- 
opment twenty years later from Ferniat, of whom it is one of the titles 
to honor. 

Kepler adds : " Who will deny that nature alone, without any process 
of reasoning, can teach geometry, when our coopers, guided only by their 
eyes and au instinctive sense of the becoming, are thus seen to divine 
the form which best comports with au exact measurement f In con- 
formity, at the same time, with his habit of mingling reminiscences of 
the classic i>oets with his scientific labors, be terminates this treatise 
on the Art of measuring casks with two verses, imitated from Catullus, 
which, freely translated, signify that, when indulging in conviviality, 
we should uot count the glasses: 



This very learned work could be of uo assistance to Kepler iu the 
support of his family, becoming every year more nnmerous; he was 
living, therefore, with great economy 9ad amid continual anxieties fur 
the future, when afflictions still more poignant came to embitter his 
latter years. A letter from his sist«r ap|)rised him that their mother, at 
the advanced age of seventy, bad just been cast into prison on au accu- 
sation of the crime of sorcery. Incensed at the impertinent absurdity 
of the questions addressed to her by the judge of instruction, Catharine 
Kt![>ler had aggravated her position by becoming accuser in turn, and 
scornfully reproaching the magistnvte with his abuse of office in the 
acquisition of suddeu wealth. IJnliappily, public opinion held her guilty, 
and without any precise allegation overwhelmed her with the odium of 
all the calamities of the vicinage; especially wa^ geueral honor excited 
when the fact was established that she never looked any one iu the face 
and had never been seen to shed a tear. These signs of malignity, it is 
true, were not conclusive, but as tiie Judges, iu impeachments of this 
kind, were absolved from the ordinary restraints and hod no fear before 
their eyes but that of seeming too lenient, the usage was to extort by 
torture such coufessious as would conduct the victim to the stake. 
Kepler hastened to the scene, and for five years of cruel apprehensions 
struggled uuceasingly for the safety of his mother. Not all the prestige 
of his reuowu, however, nor his earnestness in demonstratiug that 
"these tests of patience rather than of truth," as Montaigne expressed 
it, involve the judge iu a deeper condemnation than that which he pro- 
nounces, could avail to hinder the instruments of torture from beiug 
exhibited to the aged Catharine, their uses explained to her, and their 
applioUiou threatened if her obstinate silence could not be otherwise 
overcome. Bnt nothing could shake her constancy; she declared her- 
self really to sutfer everything, and her lofty aud resigned bearing saved 
her finally from the punishment, but not £i:om the disgrace, whicl^ of 
course was reflected painfully on her son. i A ■ O t )^>^ I L 
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During these times of trouble and disorder all Germany, agitated, as 
it were, by a violent storm, seemed little else than a theater for the evo- 
lutiou of armies aud the calamitlei^ which aecompauy them. Oue of the 
most terrible contests which history records, the war of thirty years, 
spread desolatiou aud the contagion of deadly maladies through all the 
provinces. In this cniel extremity Kepler, who to assist his mother had 
renounced the functions of professor, was plunged in an ever-increasiug 
destitution, agiiinst which liis ardent spirit struggled without respite. 
But a last affliction was iu reserve for him: he lost a daughter of the 
age of seventeen years. It was now that, bearing up against these dis- 
tresses, he sought refuge iu those sereue i-egions into which the troubles 
of earth do not penetrate, aud, casting aside the imi>ortunat« burden of 
obligatory or lucrative labors, devoted all his thoughts to the comiwsi- 
tion of a work which, as he tells us, yielded Iiim more pleasure than all 
its readers together could experience in its perusal. Those infinite 
spaces which surround us, whose eternal silence dismayed the sceptical 
reason of Pascal, possessed, in the harmonious diversity of movements 
which they accomplish, an inexhaustible attraction for the mystical im- 
agination of Kepler; and as he thought that he had long heard in the 
depth of his soul the perpetual chorus of the mysterious voices of nature, 
he eudeavored to give it utterance in the strange work entitled, '■'■Uar- 
monices mundi, libri quinque,^ Five books of the harmony of the world. 

He first studies, geometrically, many regular figures, and the analyt- 
ical views to which he is led would have sufficed, «8 one of our most 
distinguished colleagues lias said, to preserve the work from oblivion. 
'He reduces his problem to an equation, and interprets with exactness all 
its solutions. This, and nothing more, is regarded as within the scope 
of science at the present day; but such a result does not satisfy Kepler. 
"It is proved," he says, "that the sides of regular jrolygons must ne- 
cessarily i-emain unknown, being, from their nature, undiscoverable. 
Kor is there anything surprising in the fact that wltat occurain Vie arch- 
etifpe of the world cannot be expressed in the conformation of its parts." 
Proceeding afterward to the consideration of human music, aud recalling 
the idea of Pythagoras, who, we are told, compared the planets to the 
seven chords of the lyre, he aims to show how man, imitating the Cre- 
ator, by a natural instinct is led, as regards the notes of his voir«, to 
make the same choice and observe the same propoition which God has 
seen fit to iutro4luce into the general harmony of the celestml move- 
ments; the same thought of the Creator being thus translated into all 
bis designs, of which one may serve as the interpreter and figure for 
another. 

Seeking harmonies wherever tbey are possible, Kepler devotes a 
chapter to politics: "Cyrus," he says, "having seen in childhood a man 
of tall stature clothed in shori tunic^ and near him a dwarf habited iu a 
long and flowing robe, was of opinion that they should exchange gar- 
ments in order that each might have what suited his size; but his 
master pronounced that each should be left in possession of what be- 
longed to him. The two opinions might be reconciled by decreeing that 
the first should, after the exchange, give to the dwarf a certain sum of 
money. Every one," adds Kepler, "clearly sees by this example that a 
geometric proportion may be harmonic, such is 1, 2, 4, or the beneficial 
arrangement which gives to the tallest the longest robe. An arithmet- 
ical proportion may also be harmonic: Buch is 2, 3, i, or the useful ex- 
change which allows not the dwarf, possessing a long robe, to lose his 
property, but enables him to change it into money which he may apply 
to a better purpose." ,, i Ai(.>t>Qlc 
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Tliis passage, which I translate as closely as possible, and I need not 
say without well comprehending its meaning, will suffice, I think, to 
give an idea of the chapter on politics. The last chapter of the work is 
oocupied in determining preciseiy the nature of the planetary concords. 
Saturn and Jupiter constitnts the bass, Mars the tenor, Venus the con- 
tralto, and Mercury the falsetto. 

Tliese obscure and chimerical ideas, in which the mind of Kepler 
wearies and loses itself, seem the profitless and vain amusement of au 
imagination released from the control of reason; we read ou with sad- 
ness, without ventuiing to sound the mysterious depths of that great 
intellect led, by an inspiration without light, into the pure domain of 
phantasy. But in the last pages of the book the genius of the inspired 
dreamer awakens of a sudden to dictate to him those bold and augasG 
expressions which have become not less immortal tliau the discovery 
which they herald: 

"Eight months since," he says, "I bad a glimpse of the first ray of 
light; six months since I saw the dawn; a few days ago only did the 
sun arise in its transcendent glory. I give myself up to my enthusiasm, 
and veuture to brave my fellow-mortals by the ingenuous avowal that 
I have stolen the golden vessels of the Egyptians in order to raise a 
tal)ernacle to my God far iVom the confines of Egypt. If I am par- 
doned I shall rejoice at it; if it is ma<le a reproach to me I shall bear 
it; the die is cast, I write my book; whether it be read by the present 
age or by posterity imports little; it may well await a reader; has not 
God waited six thousand years for an observer of his works!" 

Then, recurring to the precise language of science, he announces the 
celebrated law which, binding together all the elements of our system, 
connects the greater axes of the planetary orbits with the time of their 
revolutions. Nothing can be more unexpected than this vivid light, 
which seems to spring ont of chaos; the astonished reader asks himself 
how it is that these precise rules and mathematical proportions appear 
all of a sudden in a world which Kepler seems to have been traversing 
as in a dream; how such abrupt clearness succeeds such profound ob- 
scurity, such pure melody the uncertain harmonies which precede it. 
There is nothing to-day to inform us. Kepler annonnces his law; verifiai 
it, without communicating to us, as was his wont, the history of his 
ideas; and then, transported with the full and entire possession of one 
of the secrets longest and most ardently sought, he breaks forth into 
raptures of thanksgiving, and, not content witlt the common language 
of humanity, borrows the majestic symphonies of the Psalmist: "The 
wisdom of the Lonl is infinite, so also are His glory and His power. Ye 
heavens, eiug His praises! Sun, moon, and planets, glorify Ilim in your 
ineffable languagel Celestial harmonies, and ail ye who comprehend 
His marvelous works, praise Him! And tliou, my soul, i)raise thy Ci-e- 
ator! It is by Him and in Him that all exists. That which we know not 
is comprised in Him, as well as our vain science. To Him be praise, 
honor, and glory throughout etemityl" 

And in a note not less animated, and more touching, perhaps, than 
the t«xt, he adds: "Glory also to my old master, McestlinI" 

The Emperor Matthias was dead. His successor was his nephew 
Ferdinand, of Austria, whose pious energy, intent on extirpating the 
Protestant worship in Styria, had, twenty years before, troubled the life 
of Kepler. His zeal had not relaxed, and the persecution was rekindled 
Trith increasing violence: "Whither shall I betake myself?" writes 
Kepler to a friend. " Should I seek a province already devastated, or 
one of those which will not fail soon to be sot" He had fortunately 

,, I A.OtWIC 
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preserved Ins friendly relations with tbu most distiagaished of tlie 
Jesuits, and, as their iuflneace over the mind of FerdiDasd was un- 
bounded, they managed, wlien Wallenstein was named duke of Fried- 
land, to have an article introdnced into tbe decree which might secure 
Kei)^!^^ safety hy attaching him to tbe doke's service; it was niso 8ti|>- 
nlated that the arrears of his salary as imperial astronomer should be 
paid out of the revenues of tbe duchy. But uew difficulties soon arose: 
tbe gentle-spirited and affectionate Kepler, separated from bis wife and 
children, could not become reconciled to the tumult and disorder of the 
cam))s. Little fitted for tbe calling of a courtier, ho was deficient in 
the assiduity and pliancy necessary to win the favor of a hangbty and 
iwi>erions master, whose ]>rotectiou was but a disguised servitude. 
Wallenstein, seeing with extreme impatience tbe little faitb reposed in 
the language of the stars by him whom he considered as his astrologer, 
did not long defer the dismissal of Kepler, replacing him by the Vene- 
tian, Seni, whose delusive and accommodating science flattered, to tbe 
last, the presumptuous ambition of a soldier who, as Schiller says, 
"could scarcely tolerate that his will was not authoritative even in the 
skies." 

Kepler feared not, in his weakness, to dare the resentment of the all- 
powerfnl man who bad imposed his laws on tbe Emperor himself; he 
demanded with pertinacity tbe payment of the sum stipulated in the 
imperial decree: but bis strength was exhausted in vain in the numerous 
journeys rendered necessary by the prosecution of his claim, and be 
died at Batisbon, in 1629, at the age of fifty -eight years. 

By the uniou of tbe most opposite qualities, Kepler occupies in the 
history of science an altogether exceptional place. By eviucing, from 
his first steps in the 8tu(ly of astrouomy, tbe presumptuous hope of 
deciphering tbe enigma of nature, and of elevating himself by pure 
reasoning to a knowledge of the festhetic views of the Creator, he 
seemed at first to wander with au insensate audacity, and without find- 
iug soundings or shore, over that vast and agitated ocean where Des- 
cartes, pursning the same object, was destined soon to lose himself 
beyond retrieval; but, in tbe anlent'and sincere aspirations of bis soni 
toward truth, if tbe curiosity of Kepler disquiets and impels him, it 
never delivers bim over to the blindness of self-conceit. Begardiug as 
certain only what had been demonstrated, he was always ready to cor- 
rect his determinations by the sacrifice of his most cherished discoveries 
as soon as a severe and laborious examination refused to confirm them ; 
but what sublime emotions, what utterances of enthusiasm and exulta- 
tion, when success has Justified his temerity, and by persistent efforts 
be has attained his end ! The noble pride which elevates and sometimes 
inflates his language has nothing in common with the vainglorious 
satisfacHon of a vulgar discoverer. Confident and daring when he is 
seeking, Kepler becomes modest and simple when what he seeks is 
fouD<l, and, in the transports of triumph, it«is. to God alone that be 
ascribes the praise. His soul, equaUy c«mprwiensive and exalted, was 
without ambition as without.vanity; be coveted neither the honors nor 
applause of men; affecting no superiority over tbe cultivators of sci- 
ence, obscure as they now are, to whom his correajwudence is addressed, 
be never ceases to express the same respectful deference for the aged 
Mcestlin, whose sole glory in onr eyes is that of having formed such a 
disciple. When, after baviug mastered his greatest discoveries, it be- 
came necessary for him to descend every day from the most exalted 
contemplations to struggle with tbe vulgar necessities of life, be never ^ 
complained at seeing his merit overlooked or disputed, and alwayi^' 



110 LIFE AND W0BK8 OP ECEPLER. 

accepted unaffectedly, without murmuring or repining, the labors and 
employmentu, whatever they might be, which would aid him in the 
Busteuuuce of his tamily. 

The luws of Kepler are the solid and impregnable foundation of modern 
astronomy, the immutable and eternal rule of the displacement of the 
lieavenly bodies in si>ace; no other discovery, perhaps, has better justi- 
fied the words of the sage : Me who inereaaes knowledge mcreagen labor ; 
uo other has given birth to more numerous researches and greater dis- 
coveries; but the loug and laborious route which led to it is known but 
to the few. None of the numerous writings of Kepler are regarded as 
ctiissical ; his renown alone will be immortal ; it is written in the heav- 
ens; the progress of science can neither diminish nor obscure it, and 
the plaueta, by the always constant succession of their regular move- 
ments, will proclaim it from age to age. 

[Note. — Nothing l3 n-tmtitig to tliu completeness of the nl>ove memoir ; but, hnvitiK 
beeu addreaseil in the first imtt-ance to an iisseiublitge of men uf Bcteuce, the iKtrnud 
author lins probably thought it HupevUiious to p.\o bo distinct anil foruial a statemeuC 
of the tlireo Inns, ns Ihey ure cnlltMl, of Ktpler, {Ilegvla Keplcri,) aa it may lie convenient 
for the general reader to hnva bcueutL liis oyii. I'or this reason, Ilie following; brief 
esposition of those celebrated astronomical axioms is here transcribed fVoui the Encj- 
clopedia. Americana. — Tn. 

" Tlie first of these lavrs is that the planets do not move, as Copernicus bad iniacioud, 
in circles, but iu ellipses, of which the sun is in one of the foci. For this, Kepler tvas 
iiidcbtcd to the observations which Tycho had moilo on the planet Uors, whose eccen- 
tricity is considerable, and affrcm particularly with the rule; in determining which 
Kepler went through an indeacribobly laborious analysis. The second law is, that an 



imaginary straight liue tiaia tho sun to the pkinets, nxdiaa rector, always deacriliet 
equal sectors in equal times. Itv this rule Kepler calculated his tables, imugiuiu); the 
wnote plaue of revolution divide<l into a number of such sectors, and, from this, he 
mvestlgateil their respective angles nt the suu. This was called Kepltr'ii problem. The 
tbinl law teaches that, in the motion of the planets, the squnrce or the times of revo- 
lution are as tho cubes of the mean distances from the sun ; one instance of tho appli- 
cation of which law, iu the want of other means, is in the determination of the distance 
of the planet Herschel from the sun, it having been ascertained that Its time of revolu- 
tion amounta to a little more than eighty-two years." 
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EULOGY ON THOMAS YOUNG. 



Bv M. Araoo. 



HEAD AT A PUBLIC SITTING OF THE ACADEMY OF SCIENCES, NOVEMBEB 
26, 1832. 

[The preTionseDlogiHin'bicIi have been pnblishcd in the appendix to tbe Siuithsaninn 
rei)ort, liave been trauslateil for the luatitution from the original Frencb. Tbe follow- 
iD); eulogy, however, is reprinted from a tronalatioD by the late Baden Powell, pro- 
fessor ofnataral philoaopby in thenuivetBity of Oxford.— J. H.] 

Gentlemen: It seems as if deatli, who is incessantly thinning oa? 
ranks, directed liis stroke with a fatal predilection against that class of 
our body, so Umited in number, our foreign associates. In a short space 
of time the Academy ha6 lost, from the lists of its members, Herschel, 
whose bold ideas on the structure of the universe have acquired every 
year more of jtrobabiUty ; Piazzi, who, on tbe first day of the present 
century, presented our solar system with a new planet ; Watt, who, if 
not tbe inventor of the steam-engine, tbe inventor having been a 
Frenchman,* was at least the creator of so many admirable con- 
trivances by the aid of which the little instrument of Papin has become 
the most ingenious, the most useltil, the most powerful means of apply- 
ing industry; Volta, who has been immortalized by his electric pile; 
Davy, equally celebrated for the decomposition of the alkalies and for 
the invaluable safety-lamp of the miner: Wollaston, whom the English 
called the Pope, because he never proved fallible in any of his numerous 
experiments, or of his subtile theoretical speculations; Jeitner, lastly, 
whose discovery I have no need to extol in the presence of fathers of 
families. To pay to such of its distiugiiished ornaments the legitimate 
tribute of the regret, of the admiration, and of the gratitude of all 
men devoted to study, is one of the principal duties which the Academy 
imposes on those whom it invests with the responsible honor of speak- 
ing in its name in these solemn meetings. To pay this grand debt, with 
the least possible delay, seems an obligation not less imperativa Gen- 
tlemen, the native Academician always leaves behind him, among the 
colleagues with whom he has been united by the election of the Academy, 
many confidants of his secret thoughts, of the origin and course of his 
researches, of the vicissitudes which he has gone through. The foreign 
associate, on the contrary, resides far away from us; he rarely joins in 
oar meetings; we know nothing of his life, his habits, his character, 
nnless from the reports of travelers. When several years have passed 
over such fugitive documents, if ve still find any traces of them, we 
cannot reckon on their accuracy. Literary intelligence which has not 
found a record in print is a sort of coin the circulation of which alters 

* This ia sot tbi place to enter on Hie controversy lespecting the invention of the 
Bteam-ongine. It may, however, be remarked that we may be well content to allow it 
t« remain a question of degree. Every tea-kettle ia a ateam-engine. A very slight and 
obvioos contrivance will enable steam to raise a piston. Let aoy one define what he 
means precisely bv the term steam-engine, and the qnestioD of priority of invention 
will be easily settled. — Traxsiatob. 

DigiLizedbyGoOglc 



112 EULOGT ON THOMAS YODNG. 

at the same time the impression, the weight, and the inRcriptioD, 
These reflectious tend to show why the names of such men as Herschel, 
Davy, or Volta onght to be mentioned in our assemblies betbre those 
of many celebrated Academicians whom death has snatched from our 
more immediate circle. Moreover, I hope that alter what 1 shall be 
able to adduce, eveu in a few minutes, no one will he able to deny that 
the mail of universal science, whose life I am about to describe, nud 
whose labors I shall analyze, has some real claims to preference. 



Thomas Young was born at Milverton, in the county of Somerset, 
June 13, 1773, of parents who belonged to the Society of Friends. Ho 
TOsaed his earliest years at the house of his maternal grandfather, Mr. 
Bobert Davies, of Mineliead, whom the active bnsinesK of commerce 
had not bceu able to divert from the cultivation of classical literature. 
Young could read fluently at the age of two years. His memory was 
extraordinary. In the intervals of his attendance at the house of a 
village schoolmistress in the neighborhood of Miaehead, at four years 
old, he had learned by heart a number of English authors, and even 
several Latin poems, which he could repeat from begiiiuiDg to end, al- 
though he did not understand a word of the language. The example 
of Young, like many others of celebrity recorded by biographers, may, 
then, contribute to keep up the common prepossession of so many good 
fathers of families, who sec in certain lessons, according as they may be 
recited without faults on the one hand, or are badly learned on the 
other, infallible indications of an eternal mediocrity in the one case, or 
the beginning of a glorious career in the other. It would, indeed, be 
far from our object if these historical notices should tend to strengthen 
such prejudices. Thus, without wishing to weaken the vivid and pure 
emotions which every year the distribution of prizes excites, we may 
remind some, in order that they may not abandon themselves to dreams 
which they will not realize, and others, in order to fortify them against 
discouragement, that Picns de Miraudola, the phenix of learners of all 
ages and countries, became in mature age an iusiguiflcaiit writer; that 
^wtou, that powerful intellect of whom Voltaire in some well-known 
lines asks the angels whether they are not jealous — the great I^ewton, 
wo observe, made but indifferent progress in the classes of his school ; 
that study had for him no attractions;' that the first time he felt the 
wish to labor, it was merely to take the plaee of a turbulent atrhool- 
fellow who, by reason of his rank in tlieschool, was seated on a form above 
him and annoyed him by kicks ; that at the age of twenty-two he was 
a candidate for a fellowsbtp at Cambridge, and was beaten by one Robert 
Uvodale, whose name but for this circumstance would have remained 
to this day perfectly unknown ; that Foutenelle, lastly, was more inge- 
nious than exact when he applied to Newton the words of Lucan, "It is 
not given to men to see the Nile feeble and at its source." 

At the age of six years Young entered under a teacher at Bristol," 
whose mediocrity was a fortunate circumstance for him. This, gentle- 
men, is no paradox ; the pupil, not being able to accommodate himself to 
the slow and limited 8tei)s which his master took, became his own in- 
structor. It is thus that those brilliant qualities developed theniselves 
which too much aid would certainly have enervated. 

'The master, irboiw nnnie was Kiug, at first kept eclioul nt Staplcton, aud th«ncG 
removed to Ton-nead, buth near liriBUl, Youdr'h nrqiiaintaace with tho aurveyor 
commeDcod after ho quitted that school. (Soti Pe.icocL't) Lifo, p. 5.)— Tbakslator. 
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Young was ouly eight years of ago wlien obance, whoso influence iu 
the events of man's life ia more couaiderahlethiinoiir vanity often iillows 
us to admit, took hiui from studies exclusively literary nud reveulcil his 
real vocation. A surveyor of uiueh merit iu the neighborhood took a 
great fancy for bini; he took him out into the country sometimcM on 
holidays, and permitted him to amuse himself with his iustruinenls of 
surveying and natural philosophy. The oi^erntious by whose aid tho 
young scholar saw the distances andeievations of inaccessible objects de- 
tenniued powerfully struck bis imagination ; but soou several chap- 
ters of a mathematical dictionary made all that seemed mysterious iu 
the matter disappear. From this moment, in bis llolyday excursions, 
the quadrant took the place of the kite. In the eveuing, by way of 
amusement, the engineering uovicc calculated the heights measured 
in the momiug. 

From the age of nine to fouiteen Young went to a school at Gompton, 
in Dorsetshire, kept by Mr, Thomson, whose memory he always cher- 
ished. During these five years all the pupils of the school were <K;cupied 
exclusively, according to the practice of Euglish schools, in a miunte 
study of the principal writers of Greece and Home.* Young continually 
maintained bis place at the head of bis class, and yet he learned at the 
Kiime time Freuch, Italian, Hebrew, Persian, and Aiabic ; French and 
Italian, from the i-bance object of satisfying the cariosity of a school- 
fellow, who possessed some norks printed at Paris, of which be was 
desirous to know the couteuts ; Hebrew, in order to read the Old Testa- 
ment in the original ; Persian and Arabic, with the view of decidiug a 
question started at table, whether there were as marked difl'ereuces 
between the Oriental languages as between those of Europe. 

I perceive the necessity of mentioning that I write from authentic 
documeuts before I add tliat, during what might appear so fabulous a 
progress iu languages. Young, during his walks at Coiuptou, was seized 
with a violent passion for botany^ and that being destituto of the 
means of maguitying objects of which naturalists make use wheu they 
wish to examine the delicate parts of plauts, he undertook to construct 
a microscope himself, without any other guide than a description of the 
iustruuieut in a work by Benjamin Martin; tliut to arrive at this diffi- 
cult result it was necessary to acquire some skill in the art of tnruiug; 
that the algebraic formulas of the optician ha\'ing presented to him 
symbols of which he bad no idea, (those of Jluxiona,) he was for a mo- 
ment in great perplexity; but not being williug at last to give up the 
enlargement of his pistils and stamens, he found it more simple to learn 
the diflfereutial calculus, in order to comprehend the unlucky formula, 
than to send to the neighboring towu to buy a microscope. The ardent 
activity of the juvenile Young had led him to exertions beyond the 
strength of his constitution. At the age of fourteen his health was 
sadly altered. Various indications excited fears of a disease of the 
lungs; but these menacing symptoms at length yielded to the prescrip- 
tions of art, and the anxious cares of which this malady made liim the 
object on the part of all his relations. 

It is rare among our neighbors on the other side of the Channelt that 



'It would appear from Yoiinc'B owu account tbatafar mora liberal ay Ht«m was 
really puTmieil in this school. Also, the praisea of the usher, Joei oh Jeffery, should 
ir be oniitCed, who initiated Young at leiBure hooiB into a variety of experinicntal 



aad practical aubjecta, which coutribatcd materially to his future BUcceBS. (See Pea- 
cock's Life, p. 6.)^Tranblator. 

t The reader will of conree make due allowance iu this and many other passages for 
the ideas of a foreigner as to English habitti. The anecdote of Young's penmaii~'~'~ 
which followa is di&rent'~ ' — ■-—- " >- - ■•" ■- 
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rentl; given by Dr. Peacock, p. 12. — Traksiatob. ( i'ti^o]c 
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a ri«!h person, intrusting bis son to the care of a private instructor, does 
not seelt for liiin a followpnpil of tlie same age among those who have 
been remarkable for their snccess. It was in this capacity that Toung 
became, in 17S7, the fellow-pupil of the grandson of.Mr. David Barclay, 
of Youngsbury, in Hertfordshire. On the day of bis first appearance 
there Mr. Barclay, who doubtless felt the right of sliowing himself some- 
what exacting with a scholar of fourteen years of age, gave him several 
phrasc3 to copy, with the view of ascertaining bis skill in penmanship. 
Young, iwrhaps somewhat humiliated by this kind of trial, demanded, 
in order to satisfy hiiu, permission to retire to another room; this ab- 
sence being prolonged beyond the lime which the transcription would 
have required, Mr. Barclay began to joke on the want of dexterity lie 
must evince, when at length he reentered the room. The copy was 
remarkably beantiful ; no writing-master could have executed it better. 
As to the delay, there was no longer any need to speak of it, for "the 
little Quaker,"* as Mr, Barclay called him, had not been content to tran- 
scrilie the English X'brases set him; he had also translated them into 
nine different languages. 

Tho i>receptor, or, as tiiey call him on the other side of the Channel, 
the tutor, who had to direct the two scholars at Youngsbniy, was a young 
man of much distinction, at that time entirely occupied in perfecting 
himself in the knowledge of tho ancient languages. Ue was the future 
nuthnrt of CalUgrapbia Qrteca, Ho was not long, however, in jwrceiv- 
ing the immense suiwriority of one of his pupils, and he recognized, 
with praiseworthy modesty, that in their common studies the true tutor 
was not always he who bore that title. At this period Young drew up, 
continually referring to the original sources, a detailed analysis of the 
numerous systems of philosophy which were professed in the different 
schools of Greece-t His friends spoke of this work with tlie most lively 
admiration. I know not whether the public is destined ever to see it. 
At all events, it was hot without intluence on the life of its author; for, 
in giving himself up to an attentive and minute examination of the sin- 
gidaritics (to use a mild term) with which the conceptions of the Greek 
philosophers teemed. Young perceived that the attachment which he re- 
tained to the principles of the sect in which he wa«born became weakened. 
However, he did not separate entirely from it till some years afterward, 
during bis sojourn in Edinburgh. 

The little studious colony at Yonngsbury quitted the countrj- during 
some months in the winter, to reside in London. During one of these 
excursions Young met with a teacher wortliy of him. He was initiated 
into chemistry hy Dr. niggins,§ whose name I can the less dispense with 
mentioning, since, in spite of his earnest and frequent remonstrances, 
there was an obstinate disinclination to acknowledge the share which 
legitimately belonged to him in the establishment of the theory of defi- 
nite proportions, one of the most valuable discoveries of modern chem- 
istry. 

Dr. Brocklesby, the maternal uncle of Young, one of the most popu- 
lar ]>hysician8 in Londou at the time, justly confident of the distingnislied 
success of the young scholar, communicated occasionally hie productions 
to men of science and literature, and to men of ttie world, whose appro- 

• This secma Improbable, n« Mr. Barclay's family were of tho same sect.— Tbahslator. 

\ Mr. llnlckin. 

X Tliis work is not mentioned by Dr. Peacock. — TnANSi^Ton. 

(Thosbaro boruobyDr. Higgius in the sngpestion or discovery of tho atomic theory 
hie been vwionsly eatiiuated. For an apparently perfcclly fair view of the com, iM 
reader is Mferred to Dr. Doabeny's Atomio Theory, p. 33.— Translatob. 
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bation might have greatly flattered hia vaaity.- Yoang thas found him- 
self at an early period in personal relation with tlioBe celebrated men, 
Bnrke and WyndhaiQ of the House of Commons, and the Duke of Kicli- 
mond. The last nobleman, then master of the ordtiance, offered him 
the place of private secretary. The two other statesmen, nltbough they 
wished him also to follow a career connected with the public adminis- 
tration, yet advisetl him first to go through a course of law at Cam- 
bridge." With snch powerful patrons, Young might reckon on one of 
tho»e lucrative ofBc«s which persons in power are not slow to bestow on 
those who will spare them all study and application, and daily furnimh 
them with the means of shining at the court, the council, the senate, with- 
out compromising their vanity by committing any indiscretion. Young, 
hi^ppily, had a consciousness of his powers; he perceived in himself the 
germ of those brilliant discoveries which have since adorned his name; 
he preferred the laborious but independent career of the man of letters 
to the golden chains which they exhibited so temptingly to his eyes. 
Honor be to him for such a determination ! May his example serve as a 
lesson to so many young men whom political ambition diverts from a 
more noble vocation to transfonn themselves into mere officials, but who 
might learn, like Young, to turn their eyes to the future, and not sacri- 
fice to the futile and transitory satisfaction of being surreunded by per- 
sons soliciting favors the solid testimonies of esteem and gratitude which 
the public rarely fails to offer to intellectual labors of a high order; and 
if it happen in the illusions of inexperience that tbey should think too 
heavy a sacrifice imposed on them, we would ask them to take a lesson 
of ambition from the month of a great captain, whose ambition knew no 
bounds; to meditate on the words which the First Consul, the victor ot 
Uarengo, addressed to one of our most honored colleagues (M. Lewer- 
cier) on the day when he, quite in accordance with his character, had 
just refused a place then of great importance, that of councilor of state : 

" I understand, sir, you love literature, and you wish to belong alto- 
gether to it. I have nothing tp oppose to this resolution. Yes; I, my- 
self, if I hail not become a general -in -chief and the instrument of the 
fate of a great nation, do you think I would have gone through the offices 
and the salons to put myself in dependence on whoever might happen 
to be in power in the position of minister or ambassador! No! no! I 
would have taken to the exact sciences. I would have made my way in 
the path of Galileo and Newton ; and, since I have succeeded constantly 
in my great enterprises, truly I should have been equally distinguished 
by my scientific labors. I should have left behind me the remembrance 
of great discoveries. No other kind of glory would have tempted my 
ambition." 

Young made choice of the profession of medicine, in which he hoped 
to find fortune and independence. His medical studies were commenced 
in Loudon uuder BaiUio and Cruikshauk, Ho continued them at 
Edinburgh, where at that time Drs. Black, Munroe, and Gregory were 
in the height of their celebrity. It was only at Gottingen in tbe fol- 
lowing year (1795) that he took the degree of doctor.f Before going 

• "Mr, Wyndbara advised him not to acrept tbo appoint rupnl, and recommomli'd 
him ratber to proceed to Cumbridgo and Btudy tbo law." (Peacock's Life, p. 45.) — 
Thansutoii- 

tTbu ontbor has omitted tbut, in 1797, YoaDg entered as a fellon'-commoDer at 
Kmannel C'ol1ef;o, Cambridge, and in due time graduattMl there regalarly in medicine, 
a step at that time nuceesnry I'or his admission to the CnlloKu of Physicians, in order to 
enable him to practice as a physician in London. (See Pcocock'it Life, p. 115.) In tbe 
imivenity be was familiailf known by tbe name of " Phenomenon Young." — Tramb* 

UTOB. .t>(>g[c 
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through this form, so empty, yet always so imperatively exacted, Young, 
hardly Iwyoiid the period of youth, liad become koown to the scientific 
world by a uotc relative to the gum ladaoum ; by the controversy which 
he sustained against Dr. Beddoes on the siibject of Crawford's theory 
of heat; by a memoir on the habits of spidei-s, and the theory of Fabn- 
cius, the whole enriched with erudite researches ; aud, lastly, by an in- 
quiry, on which I will enlarge on accoant of its great merit, the unusual 
favor with which it was received at its first productiou, and the neglect 
into which it has since fallen. 

The lioyal Society of London enjoys throughout the whole kingdom 
a vast and deserved consideration. The Philosbpliical Transactions 
which it publishes have been for more than a century and a half the 
glorious archives in whicli Biitish genius holds it an honor to deposit 
its titles to the recognition of posterity. The wish to see his name in- 
scribed in the list of fellow-laborers in this truly national collection be- 
side the names of Newton, Bradley, Priestley, and Cavendish, has 
always been among the students of the celebrated universities of Cam- 
bridge, Oxfonl, Edinburgh, and Dublin* the most anxious as well as 
legitimate object of emulation. Here is always the highest point of 
ambition of the man of science ; be does not aspire to it unless ou oc- 
casion of same capital investigation ; and the first attempts of his youth 
came before the public by a channel better suited to their importance, by 
the aid of one of those numerous periodicals which, among our neighbors, 
have contributed so much to the progress of human knowledge. Such 
is the ordinary course ; such, consequently, ought not to have been the 
course followed by Toung. At the age of twenty ho addressed a paper 
to the Koyal Society. The council, composed of the most eminent 
men of the society, honored this paper with their suffrage, and it soon 
after appeared in the Philosophical Transactions. The author treated in 
it of the subject of vision. 

THEORY OF TISION. 

The problem was anything but new, Plato and bis disciples, four cen- 
turies before our era, were occupied witb it; but at the present day their 
conceptions can hardly be cited but to justify the celebrated and little 
flattering sentence of Cicero : " There is nothing so absurd that it has 
not been said by some of the philosophers." 

After passing over an inter^'a! of two thousand years, we must from 
Greece transport ourselves to Italy, if we should find any ideas on the 
wonderful subject of vision which merit the remembrance of the histo- 
rian, where, without having ever, like the philosopher of ^gina, 
proudly closed their school against all who were not geometers, careful 
experimenters marked out the sole route by which it is permitted te 
man to arrive without false steps at the conquest of unknown regions of 
truth : there Maurolycus aud Porta proclaimed to their contemporaries 
that the problem of discovering what U presents sntBcient difficulties to 
render it at least somewhat presumptuous to cast ourselves upon the 
world of intelligences to search after what ovght to be ; there these two 
celebrated fellow-countrymen of Archimedes commenced the explana- 
tion of the functions of the different media of which tbe eye is com- 
posed, and showed themselves contented, as were at a later period 
Galileo and Kewton, not to ascend above those kinds of knowledge 
which are capable of being elaborated or corrected by tbe aid of our 
loro nnmeioiu cLiaa not af Uioee bodiM. — 
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BCDBes, and which have been stigmatized under the porticoes of tlio 
Academy by the contemptuous epitliet of simple opinioit. Such is 
always human wealiness that, after having followed with a rare success 
the principal deviations which light undergoes iu passing through the 
cornea and the crystalline, Maurolycus and Porta, when very near attain- 
ing their ohjcet, stopped short, as if before an insurmountable difficulty, 
when it was objected to their theory that objects ought to appear in an 
inverted position if the images formed in the eye are themselves in- 
verted. Tbe adventurous spirit of Kepler, on the contrary, did not re- 
main embarrassed. It was from psychology that the attack originated ; 
it was equally from psychology, clear, precise, and mathematical, that he 
overthrew the objection. Under tbe powerful hand of tbis great man 
the eye became, definitively, tbe simple optical apparatus known by the 
name of the eamera-i^etira ; the retina is the ground of the picture, 
the crystalline replaces the glass lens.» 

This assimilation, generally adopted since Kepler's time, remains open 
only to one difficulty; tha camera-obaeura, like an ordinary telescope, re- 
quires to be brought to a proper fociis, according to the distance of ob- 
jects. When objects arc near, it is indispensable to increase the distaneo 
of the pietiu* from the lens ; a contrary movement becomes necessary 
as they become more distant. To preserve to the images all the dis- 
tinctness which is desirable, without changing the position of the sur- 
face which receives them, is therefore impossible; at least, always sap- 
posing the curvature of the lens to remain invariable, that it cannot 
increase when we look at near objects, or diminish for distant objects. 

Among the difiTerent modes of obtaining distinct images, nature has 
assureilly made a choice, since man mn see with great distinctness at 
rerp different distances. The question thus put has aft'orded a wide 
subject of remark and dismission to physicists, and great names have 
figured in the debate. Kepler and Descartes held that the whole ball 
Of the eye is susceptible of being elongated and flattened. Porter- 
field and Zinn contended that the crystalline lens was movable, and that 
it could place itself nearer to or further from the retina, as might be 
needed. Jurlii and Musschenbroeck helieve^l in a change in the curva- 
ture of the cornea. Sauvages and Bourdelot supposed also that a 
change in curvature took pUce, but only in the crystalline lens. Such 
is also the system of Young. Two memoirs, which our colleague suc- 
cessively submitted to the Koyal Society of London, include the com- 
plete development of his views. 

In the first of these the question is treatetl almost entirely in an 
anatomical point of view. Young there demonstrates, by the aid of 
direct observations of a very delicate kind, that the crystalline is en- 
dowed with a fibrous or muscular constitution, admirably adapted to 
all sorts of changes of form. This discovery ovcithrew the only solid 
objection which had, till then, opposed the hypothesis of Sauvagcs and 
Bourdelot. That hyiwthesis had no sooner been announced than it bad 
been attacked by ilunter. Thus this celebrated anatomist aided the 
cause of the young exiwrimenter by the attention drawn to the subject, 

* The author eoenis to Iinve kft this illiistrattou incomplete. Kepler's snggestiou at 
the idcDtity of t)ie eye with tbu cnnieTa-obecura, after nit, docs not toucli the dilliculty 
of Ibo iurernon of the iniase. Nor boa it been considered as completely cleared up oven 
till much latet times. Tlie soliilioa vbich, it is believed, is now most gctiErolly as- 
sented to is this : It is a law of our constitution, dependent on Bonis jmysiological 
principle unknown, that wo refer impressions ou tbo retina to objects uxiKting, or be- 
lieved to eiiat, in tbo rectilineaidirection/romwAlcA tbe impression comes to tbe retina. 
Consequently, as rays cross at the pupil, falling on tbe vpper part of tbe retina a rn; 
•Dggests on object lying behin, or on mcerled image snggests an erect object. 
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while his labors n-ere ns yet utipubliabed, and not even communicated 
to any one. However, tlii3 point of the discussion soon lost its impor- 
tance. The learned Leuwenboek, armed with bis powerful microscopes, 
traced out and gave figures of tlie muscalar fibres in all their ramifica- 
tions in the crystalline of a fish. To awaken the attention of the 
scientific world, tired with these long debates, nothing less was neces- 
sarj- than the high renown of the two new members of the Eoyal 
Society who entered the lists — one a celebrated anatomist; the other 
the most eminent instrument^maker of whom England conld boast. 
These jointly presented to the Koyal Society a memoir, the fruit of their 
combined labors, intended to establish the complete unalterability of 
the tbrm of the crystalline. The seieutiflc world was not prei)ared to 
admit that Sir Everard Home and Bamsden together conld possibly 
make inaccurate experiments, or be deceived in micrometrical measure- 
ments. Young himself couhl not believe it, and in consequence he did 
not hesitate publicly to renounce his theory. This readiness to own 
himself vancjuished, so rare in a young man of twenty-five, and 
especially on the occasion of a first publication, was, in this instance, 
an act of modesty without example. Young, however, had really 
nothing to retract. In 1800, after having withdrawn his former dis- 
avowal, our colleagne developed anew the theory of the change of form 
of the crystalline in a memoir against which, from that time, no serious 
ol^jection has been brought. 

Nothing conld be more simple than his line of argument; nothing 
more ingenious than his exjieriments. Young, in the first instance, got 
rid of tlie hyi»otheais of a change of curvature in the cornea by the aid 
of microscopic observations, which were of a kind to render the most 
minute variations appreciable. We can say more : he placed the eye in 
special conditions where changes of curvature in tbe cornea would have 
been without effect; he plunged the eye inwater,and proved that there 
was still the same faculty of seeing at diflereut distances preserved. 
The second of three possible 8upi)08itions, that of an alteration in the 
dimensions of the whole organ, was again overthrown by a multitude 
of objections and of experiments which it was difficult to resist. 

The problem thus seemed finally settletl. Who does not see, in fact, 
that if, of three only possible solutions, two are put out of the question 
the third is necessarily established ; that if the nulius of curvature of 
the cornea and the longitudinal diameter of the whole eye are invariable, 
it must tbllow that the form of the crystalline is invariablel Young, 
however, did not stdp there ; he proved directly, by the minute phe- 
nomena nf the changes in the images, that the crystalline really changes 
its curvature ; he invented, or at least gave perfection to, an Instrument 
susceptible of being employed even by the least intelligent persons, and 
those least accustomed to delicate experiments, and armed with this 
new means of investigation, he assured himself that those individuals 
in whose eyes the crystalline has been removed in the operation I'or 
cataract did not enjoy the faculty of seeing equally distinctly at all dis- 
tances.* 

•Tbis iiiHtnimL-nt, coIUh) on "optometer," was originally propostil liyDr. Porterfield. , 
unil coiisists of a eimplo nuil iucitiiiouH contrivniicc for ascertaining tlm focftl length of 
tlio oyt, ivliicli vuries bo Rrcatiy in iliffereut indiviiliialii, niicl ofleu in two eyca of tLo 
same person, anil iu the same cyo iindLT different conditions. Dr. Yonng greatly im- 

Srovcu upon the original canatmction. It nil] bo fonnii dcNcribcd iu tliu Lectnros on 
aturnl Pliilosophy, vol. ii,n.576. TLo principle of it ciingiats iu nieosuriuf; accurately 
tlie distnneo of an oliject from the oye at which perfectly distinct vision la obtjiiucd, 
and n'hich is determined when the object seen tlirongh two amall aperturoa clooo to 
the eye preaeuts only a single imago, while iu other positions it sbows two imogca. — 
Translator. 
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We might fairly be astoiiisbed that tbia admirable tbeory of \'ision, 
this combiuatiou so well fmiued when the most ingeuious rcasoiiiii(;s 
and experimeuta lent each other mutual support, did uot occupy tbtit 
distiuguisbed rank in tbe scieuco of the countiy which it deserved. 
But to explain this auomaly, must wo necessarily recur to a, sort of 
fatality ? Was Young then really, as be sometimes described himself 
with vexatiou, a new Cassandra, i>roclaimiDg incessantly imjiortaiit 
truths which his ungrateful contemporaries refused to receive ! We 
should be less poetical but more true, it seems to me, if we remarked 
that the discoveries of Young were not known to tbe majority of those 
who would have been able to appreciate them. The physiologists did 
not read his able memoir, because iu it he presumes upon more mathe- 
matical knowledge than is usually attaiued in that branch. 

The physicists neglected it in tbeir tuni, because iu oral lectures or 
printed works the public demands little more at tbe present day than 
superficial notions, which an ordinary miud can penetrate without diffi- 
culty. In all this, whatever our distinguished colleague may have 
believed, we perceive nothing out of the ordinary course. Like all those 
who souud the greatest depths of science, he was misunderstood by the 
multitude ; but tbe applauses of some of the select few ought to hayo 
recompensed him. In such a question we ought not to count tbe suf- 
frages ; it is more wise to tceigh them." 

1NTEBP£BENCE8. 

The most beautiful discovery of Young, that which will render his 
name imperishable, was suggested to him by an object ill appearance 
very trivial — by those soap-bubbles so brilliantly colored, so light, 
which when just blown out of a pipe become tbe sport of every imper- 

*Arni;o, in nsfligniDf; tho proliablo CBunes of tho neglect of Young's spcculatioua, 
Bcema to fall short of bis usual jioiut ami perepiciiity. It iniplit lio tiiiii tbut Lis 
tucmoir was negtocteil l)y pbysiolo!{Ut» bevaiiHu it was malliecauticiil, aoA by purity of 
reason it might Lave been iiej^lectud by physicists anil niiitliuuiaticEauii as being plijsio- 
logicnl. But it is surely no reason to suy tliat it was neglected by physiciiits becaun 
the ))UbUc are superllcial, &c. Young ma; tiavo becu in most of bis Bpeculntions too 
protouDil for tbe laany ; but this particular instaiic« of the stnicture of the eye luid 
theory of viaion is, pvrliaps, of all his researches, that which can be tlie least open to 
thifloharge. The subject is not itself abstruse; it ia ouo easily understood by every 
educated i>erson, without umthematical atttainments ; and tho point nt issue wius a 
simple question of fact, requiring no profound physiological koowledgu to apprceiatc 
whether the crystalline has or has uot a muscular structuco ca|iable of cbaugiufi it« 
convexity. The real state of the case seems to be very satiBfactorily explained by 
Dean I'cacuck, (p. 36 et leq-,) from whoso account, ns well as from what has been siuco 
written, it appears, after all that has been done both bv Dr. Young and otlierH,' that 
therA is even at tho present day considerable difference at opinion on the subject. 

Purhaps the raost comprehensive survey of tho whole subject which recent investi- 
catiau has produced will bo found in the paiwr of Professor J. D. Forbes in tho £din- 
DUTEb Trausactiuns, rol. xvi, pt. i, 1845. After giving a summary view of pre(;odiug 
researches, and adverting to the prevalent opiuiun among men of science that tli« tnte 
Gsplanntiou yet remaiiu) to be discovered, (most anatomists denying as a fact the cxiat- 
oaci of the muteatar stnicture which Yoniig conceived ho had proved,) Professor Forbes 
pnijioses as his own view of the caiiao the consideration of tho lemarkablo rarialion in 
anwifjf of the cry sfjillino toward its central part; coats of different density, beiiigdiB- 
|>o8ed in different layers, may bu acte<l on by the pressure of the humors of the eye 
when the external action of the muscle compresses tbcm, and thus increase the curva- 
:>nre of the lens nheu the eye is direcUxl to a near object, the whole consistence, espe- 
cially in the outer narts, being of a i^latinous or compressiblo nature, and the central 
part more solid and more convex. Thus uniform pressure un tho outer parts would 
tend to make the outer parts conform more nearly to the more convex interior nucleus. 

It may be added that many physiologtsts. are of opinion that, after all, there does 
not exist a suScieut compreseive action on the boll of the oye to produce the effect 
■nppoHod.— Translatob. 
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ceptiWo current of air. Before so enlightened an audience it wonld, 
\Titboiit doubr, be superfluous to remaik that the difficulty of producing 
a pht-nomeiion, its variety, its utility to the arts, are not the necessary 
indicttious of its importance in a setentiflc point of view. I have, there- 
fore, to connect with a child's sport the discovery which I proceed to 
analyze, with tlie certainty that its credit will not suffer from its ori^n. 
At any rate, I shall have no need to recall the apple, which, drojiping 
from its stock and falling unexpectedly at the feet of Newton, ilerelopT'' 
the ideas of that great man respecting the simple and eomprehensivv 
laws which regulate the celestial mntioDs; nor the fiog and the touch 
of the bistoury, to which physical science has recently been indebted 
for the marvelous pile of Volta. Without referring in pai-ticular to soap- 
bubhles, I will suppose that a ph,ii'sicist has taken for the subject of ex- 
jicriment some distilled water, that is to say, a liquid which in its state 
of purity never shows any more than some very slight shade of color, 
blue or green, hardly sensible, and that only when the light traverses 
great thicknesses. I would next ask what we should think of bis vera- 
city if he were to announce to us, without further esplanatioD, that to 
this water, so limpid, he could at i)lea8ure comrDUoicate the most 
resplendent colors ; that he knew how to make it violet, blue, green ; 
then yellow like the peel of citron, or red of a scarlet tint, without 
affecting its purity, without mixing with it any foreign substance, with- 
out changing the proportions of its constituent gaseous elements. 
Would not the public regard our physicist as unworthy of all belief, 
especially when, after such strange assertions, he should add, thnt to 
produce color in water, it sufitcos to reduce it to the state of a thin film ; 
that "thin" is, so to speak, the synonym of "colored;" that the passage 
of each tint into one the most different from it is the necessary conse- 
quence of a simple variation of the thickness of the liquid (ilm ; that 
this variation, tor instance, in passing from red to grceu, is not the 
thousandth part of the thickness of a hair t Yet these incredible propo- 
sitions are only the r;ecessary consequences deduced from the accidental 
observation of the colors presented by soap-bubbles, and even by ex- 
tremely thin films of all sorts of substances. 

To comprehend bow such phenomena have, during more than two 
thousand years, daily met the eyes of philosophers without exciting 
their attention, we have need to recollect to how few {lersons narare 
imparts the valuable faculty of being astonished to any purpose. Boyle 
was the first to penetrate into this rich mine. He confined himself, 
however, to the miunte description of the varied circnmstaoces which 
gave rise to these iridescent colors. Hooke, his fellow-laborer, went 
further. He believed that he had discovered the cause of this kind of 
colors in the coincidences of the rays, or, to speak in his own language, 
in the mutual action on each other of the tcares reflected by the two 
surfaces of the thin film. This was, we may admit, a suggestion charac- 
teristic of genius ; but it could not be made use of at an ejioch when 
the compound nature of white light was not as yet understood. 

Newton made the colors of thin films a favorite object of study. He 
devoted to them an entire book of his celebrated treatise, the"6ptics.' 
He established the laws of their formation by nn admirably connected 
chain of experiments, which no one has since suq>assed in excelteuce. 
In ilbimiuuting with homogeneous light the very regularly-formed 
series of bauds of which Hooke had already made mention, and which 
originated ronud the point of contact of two lenses pressed closely 
together, he proved that for each 8pecie.<i of simple color there exists, in 
thin films of every substance, a series of thicknesses gradually increasing, 
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at each of nhich no light is reflected from the film. This result was of 
capital importance ; it included the key to nil these phenomena. 

Kcwtun was less happy in the theoretical views which these reinark- 
ablo observations suggested to him. To say, with him, that the luminous 
ray which is reflected is " in a fit of easy reflection ;" to say that the ray 
which passes through the film entire is"in a fltof easy transmission" — 
what is it but to announce, in obscure terms, merely the same fact which 
the experiment with the two leases has already taught ns ? • 

The theory of Thomas Young is notamenable to thiscriticism. Here 
then? is no longer admitted any peculiar kind of "fits" as primordial 
properties of the rays. The thin film is here assimilated in all respects 
to any thicker reflector of the same substance. If at certain points in 
its surfiK* no light is visible, Young did not conclude that therefore its 
i-eflection had ceased; he supposed that, iu the special directions of 
those |>oints, the rays reflected by the second snrl'ace proceeded to meet 
with those refle^teil from the ttrst surface, and completely destroyed 
them. Tliis conflict of the rays is what the author designated by the 
term "interference,^ which has since become so famous. 

ObserA-e, then, here the most lingular of hypotheses. We must cer- 
tainly feel surprised at finding night in ftUl sunshine at i>oints where 
the rays of that luminary arrive freely; but who would have imagined 
that we should tlience come to suppose that darkness could be cugeu- 
dered by adding light to hghtl 

A iihysicist is truly eminent when he is able to announce any result 
which, to such an extent, clashes with all received ideas; but he ought, 
without delay, to support his views by demonstrative proofs, under the 
penalty of being assimilated to those Oriental writers whose, fantastic 
reveries charmed the thousand and one nights of the Sultan Scbahriar. 

Young had not this degree of prudence. He showed at once that his 
theory would agree with the phenomena, but without going beyond 
mere possibility. When at a later period he arrived at real proofs of it, 
the public had other prepossessions, which ho wa« not able to overcome. 
However, the es[)eriment, whence our colleague deduced so memorable 
a discovery, could not excite the shadow of a doubLf 

• In recard to the theory of tbe " fits," the nnthor here seems to rcpreHcnt Newton's 
Tiew ns, ID foct^iDcre tautology ; wliilo in other places be is sappoaed to liovo nidiilged 
in a visiunory theory on the anlyect. Newton, howeYer^ expressly says ; "WLnt kind 
of .action or dispotiitinu this is — whether it consists in a rircniatitif; or vibmtiug 
motion of the ray, or of tbu medinm, or something else, I do not hero inquire." (Op- 
tica, ji. 255, ed. 1721.) 

The fact is, Ncn-ton in his optical researches expressed the same avowed and ayste- 
matic dislike in indul^png in an^ gratuitous theories as in bis other inquiries. " Hgpo- 
Ae>f» non fitgo," vaa bis motto in these as well as in other researches. In ndojiting 
tlio iilva of " fits of easy rcHertion and transtnission," we are of opinion that bedidnot 
violate that maxim, nnil that it was in fact the only legitimate fiist expression of the 
coDclnaion which the facts worranted. At certain points no light appeared; it was the 
Icptimata inference, in tho then state of knowledge, that none aaa reftecltd. But 
li^ht was clcady under tho same cireumstancos Iranamitled ; at a distance a little 
greater along the ray, an opposite effect was witnessed; and so on. It nas DOthing 
more than tbestrict inference that at thosepoints ancci^ssivt^ly umt^liiBg occaired in tbo 
Gonrso of the ray which ilisposcil it for, or iudnced, reSevtion iu tbe one case, and non- 
reflection in the other; accompanied in the latter ease by like Cendeucy to transmis- 
non. These apparent "fits" ninat be still oeknowledgedasp)i«n>m<Bfl,- tho inechanitm 
Ity which they are prodnced is, however, now known to bo nothing inherent in the 
light, no essential property recnrring, but the simple periodicity of conapiring or 
countt>mcting wave action.— Tkanslator. 

tin tho retrospective glilnce which tho author thus gives over the progress of dia- 
covery tirevions to the jieriod at which Dr. Young first entered on the field, what we 
havn cbiofiy to obaerre ia, tbat up to that date nothing like a connected view of tbe 
physical character of thia wondecfnl agent hod been attained ; a few isolated speculik- 
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Two rays proceeding &oin the same sonrce by slightly unetjual rontes, 
crossed ooe auotber at a certain i>oint iu space. At this point was 
placed a sheet of white paper. Each ray, taken by itself, made the 
paper more bright at that point, but when the two rays united and 
arrived at that poiut together all brightness disappeared; complete 

. night sneceeded to day. 

Two rays do not always annihilate each other completely at their 
point of intersection. Sometimes wo qbaerve only a partial weakening 

' of intensity ; sometimes, on the other hand, the rays conspire and iu- 
crease the illumination. Everything depends on the difference in the 
length of route which they have gone through, and that according to 

tiona bail, iudeei], been put forth lespeotiDg a theory of emitted moloculoa ou tho one 
hnni], and of ivaves iu an ethereal metliuiu on the oilier, anil a fevt cxperimeutol fo^ts 
1>eaTtD); on tiie eboicc betireeu sueh bypotbesca hod been oscurtaiucd. 

The several distinct phenomena of common reflection and refraction, of double 
refraction, of inflcctiou oi diffraction, and of the colored rings did not seem to be con- 
nected by any common principle, nor, even separately considered, could it be eaid that 
tbey Tvero very satisfactorily explained. It was now the peculiar distinction of Young 
to perceive, anil to establish in the most incontestable manner, a great principle of tho 
Amplest kind, which at onco rendered the wave hypotbeviii applicable to the two last- 
named classes of facts, and thus directly conuected tbem with tho former. It is not 
always that wo ore enabled to trace the first rise and progrese of the idea of a great 
discovery in tho inventor's miud. Wo cannot forbeai' from here noticing that Dr. 
Tonng baa left on record tho proeress of the first auggeationa which occurred to him 
on the subject of inturft^ronce. The first view -whieh presented iteelf was that of the 
aaalotjies furnished by nund, whieh, as Ja well known, is conveyed by means of waves 
propagated in air; and in the case of two sounds differing a very little from the same 
pitch, produced at the same time, wo have not a coutinlions sound, but titata — that is, 
alternations of sound and silence ; the waves in the one case conspiring with and rcen- 
forcing each other, iu the other conuturacling, neutralizing, and destroying each other. 
But in more special roferencu to light. Dr. Young's account of the origin of his ideas ia 
BO clear and striking that wo must give it iu his own words; "It was in May, 1801, that 
I discovered, by reflecting on the bcaiitifulospcriuientaof Newton, a law whicbappears 
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comparison : SuppMe a number of equal waves of water to move upon tho surface of a 
stobnant lake with a certain constant velocity, and to cuter a uarcow channel leading out 
of tbe lake. Suppose, then, another similur cause to have exeiled anotlicr equal aeries 
of wavca, which arrivoatthesamochannul with tho anmo velocity, and at the same time 
with the first. Neither series of waves will destroy the other, but their eflVets will 
bo combined 5 if tboj enter tho channel iu such a manner that tbe clovatioua of the 
one series coincide with those of the other, they must together produce a acrieaof 
greater joint eleyations; but if tho elevations of one series are so situated as to cor- 
respond to tho depressions of tho otbct, they must exactly fill up those depressions, 
aud the surface of the water must remain smooth', at least, 1 can discover no alturuatjve, 
either from theory or from experiment. Now, I maintain that similar effeel.s take 
place whenever two portions of light are thus mixed, and this I call the general law of 
the interioience of light." — Tilln'blator. 

For the sake of many readers it may not be superfluous or useless here briefly to 
illustrate tbe application of these theuruticnl ideas. We have ouly to imagine in like 
manner, in thocosoof tbe rays of light, two sets of waves propagated through au ethe- 
real medium aud coinciding in direction, when it will be easily apparent that Just ns 
in the case of tho supposed canal, they may have their waves either couspiriug or 
counteracting, and cousequently giving a point of brightness or darkness accordingly. 
Thus, a coineidcnce in tho periods, or an interval of on integer nnmber of entim wave- 
lengths would eauBu the two systems of waves to conspire and leenforco each other ; 
a dilference of periods of half a wave-length, or any odd number of half wave-lengths, 
would cause the two systems to counteract or neutralize each other. Thus, nceoriing 
to the thickness, there would be a poiut of darkness or of brightness for each primary 
ray, and tbe succession of tiuts would be ])erfcclly explained. 

This would directly apply to tha thin Jllna. Ariiy impinging would be partly reflected 
at the first surface of tbe thin film; partly entering, it would be reflcctetl internally^ at 
ita second surface, and emerge coinciding in djrfclionwilhthe first, but retarde<l behind 
it from the thickness travcr»:d in its vudulalioia either by a whole or half undulation, 
'Orsomo mnltiplesof these, thus giving either a point ofbrigbtnesa or one of darknesa 
'itccordingly i or by some intermediate traction giving an intermediate aluid^ I ^i 
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very simple laws, the discovery of which, in any age, would suffice to 
immortalize a physicist. 

The differences of route which produce these conflicts between the 
rays, accompanied by their entire mutual destruction, have not the same 
numerical value for the differently colored primary rays. When two 
white rays cross, it is tbeu possible that one of their chief cx>nstitueDt 
parts, the red for example, may alone be in a condition fit for mutual 
destruction. But white deprived of its I'ed, becomes green. Thus, in- 
terference of light manifests itself in the phenomeua of coloration. 
Thus, the different elementary colors are placed in evidence without aiiy 
prisui to separate them. We should, however, remark that there does 
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Thus, at two euccesaive 
thickuciwes of the plato p, 
the inciilent TayH, falling 
oa it in parallel directioiiB 
1 i, ant refleoted partially 
from the tiriit Burfaco r r, 
and partially from the sec- 
ond r'r'. According to the • 
di Hert lice of th i ckncBS trav- 
ersed, tixeatt nay bo iu ac- 
cordance giviuK a point of 
brielituoart aa +, or in dia- 
cordoDco giving a point of 
darkuess as at o. 

If ttro rays or aets of waves, instead of beine exactly anperinposed, be supposed to 
meet iurlinod at a very acute angle, in a Bomenbai aimilnr way tboy nouM, at a seriea 
of points, alternately conspire ov clash with each other, thus giving rise to n aeries of 




former cose was that alone which seems to have occurred to Hooke, | 
in reference to the colors of thin plates, and even this was in his ; 
mind but a very indclinite conception ; nor did it seem at first sight ' 
readily cnmparablo with aucb cases as the diffraction fringes, or still ^ 
less witb the internal bauds of a shadow observed by Gnmaldi. If 'i 
Hooke had imagined any theoretical views of this kind, it was prob- | 
ably confined to tbe one caso of the thin lilniB. Yuung^s f{reat merit | 
wasthiicomprohensiveneBsof his principle; and iu following out tlie 
investigation he proceeded at once tosucli a general izatiou as evinced 
that comprehensiveness, and connected immcdiatelv tboao classes of 
phenomena apparently so different Id clioracter— tne thin films, the 
iDteraai bands, and the external fringes. When, as iu Grimaldi's 
experiment, (since called tbe pben'omuua of difirnctiou,) a narrow 
slip of card was placed in a very narrow beam of solar light, dark 
and bright stripes paroUol to tho sides iut«ruany marked the wbolo 
shadow longitudinally, while tho external Iringcs appeared on the 
ontside at cucb edge. The general appearance of the shadow of a 
long narrow body witb parallKl sides in a beam of solar light issu- 
ing f^in a minnte holu iu u shutter, or, what is better, tho focus of 
a small lens collect ing tbo raysloapoint, is that of a shadow marked 
with longitudinal stripes and eitemally bordered by parallel fringes 
or bands of light slightly colored, as seen in tho annexed figure. I 

To erkibit lhe«e ijipeanmces ordinarily requires thg sun's li)i;ht ' 
Bnt tbe translator has found a very simple method of exhibiting 
these phenomena on a minute scale by candle light'.by merely placing 

a fine wire across one surface of a lens of short fucu 

admitted through a narrow slit parallel to the wire, < 
conaiderabio distance. 

Next, as to tbe theoretical ezplanatioD, bd inspectii 
will perhape help to convey an idea of the manner in 
are iormed, auil interfere in tie ease now Bnppoaed. 

Tonng conceived the beam of light as a senes of w 
iCocliiDg the card, they were broken np into two new i 
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not exist ii single point in space where a thousand rays of the same 
origin do not. proceed to crost) one another after reflections more or less 
oblique, and wo shall peri;cive at a glance the whole extent of the unex- 
plored region which interferences open to the investigations of experi- 
menters. 

When Young published this theory, many phenomena of iwriodical 
colors had been already otTcred to the notice of observers, and, we Hhould 
add, had resisted all attempts at explauation. Among the number we 
might instance the colored rings which are formetl by retlection, not oi 
thin tiltns, bnt on min'ors of thick glass slightly concave; the iridescent 
bnnds of difl'eront breadtl s, witli which the shadows of bodies are Iwr- 
dered on the outside, and iu some instauccs covered within, which Gri- 
mnldi first noticed, and which afterward uselessly exercised the genius 
of Xewton, aiKl of which the completion of the theory was reserved for 
Fresnel ; the bows, colored red and green, which are iwrceived in greater 
or less number immediately under the inuermost of the prismatic bands 
of the niinbow,* and which seemed so completely inexplicable that the 
writers of elementaiy books on physics had given up making mention of 
them; and, lastly, the "coronas," or broad colored circles with varying 
diameters, wiiich often appear surrounding the sua and moon. 

round pocb citgo an anew center, wliilu pnrtof tbo original Bet, continued to pass on at 
each sidi'. Ou tlie princi]ilc just inentioncti, theeo ivonld interfere with the new por- 
tions on the outside ; iind the two new portioos would ialerffre vritli cncb other iu tlio 
insidu of the ahadow, in either case giving stripes or b.iuds. To coniplelo the proof, 
vben an opnqiie screen teas placed so as to intorcept the ra;s ou one aide, thongb 



khnndAUce of light wub presented on the other, yet all the internal bonds immediatoly 
disAppcareil, dcmonstrntiug that the effect was dne solely to the twHCiirreiKe of the 
light from both sid^s. The handB produced by light admitted through narrow apertures, 
and numcrons other pliL'Donieua of the same Idnd, may receive a genernl and popular 
explanation in the same way.— TBANSLATon. 
•Tb ... 
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If I call to mind how many persons do not appreciate scientific theo- 
ries except in proportion to tbe immediate applications which tliey may 
offer, I cannot terminate this enumeration of the phenomena which 
charucterize the several series of more or less numerous periodical col- 
ors without mentioning the rings, so remarkable by their regularity of 
form and purity of tint, with which every brilliant light appears sur- 
rounded when we look at it through a mass of fine molecules or fila- 
ments of equal dimensions. These rings, in fact, suggested to Young 
the idea of an iustniment, extremely simple, which he called an "eri- 
ometer," and with which we can measure, without diflSculty, the dimen- 
sions of the most minute bodies. The eriometcr, as yet so little known 
to observers, has an immense a<lvantage over the microscope in giving 
at a single glance the mean magnitude of millions of particles which are 
contained in the field of view. Id possesses, moreover, the singular 
property of remaining gilent when the particles differ much in mngni- 
tudo among themselves, or, in other words, when the question of deter- 
mining their dimensions has no real meaning. 

Young applied his eriometer to the measurement of tbe globules of 
blood in different classes of animals ; to that of powders furnished by 
different species of vegetables: of the fineness of different kinds of fur 
used in tbe manufacture of different fabrics, from that of the beaver, 
the most valuable of all, down to that of the common sheep of the Sus- 
sex breed, which stands at the other extremity of the scale, and is com- 
posed of filaments four times and a half thicker than that of the beaver. 

Before the researuhe^ of Young the numerous phenomena of colors* 
which I have just pointed out were not only inexplicable, but nothing 
had been fonnd to connect them with each other. Newton, who was 
long engaged on the subject, had not perceived any connection between 
the lings in thin films and the bands of diffraction. Young reduced 
these two kinds of colored bands alike to the law of interference. At 
a later i>eriod, when the colored phenomena of polarization had been 
discovered, he observed iu certain measures of the thickness at which 
they occurred some remarkable numerical analogies, which made it very 
reasonable to expect that sooner or later this singular kind of polariza- 
tion would be found connected with his doctrine. He had in this in- 
stance, however, we must admit, a very wide hiatus to fill up. The 
knowledge of some important properties of light, then completely un- 
known, would have been necessary to permit him to conceive the vholo 
singularity of the effects which, in certain crystals cut in certain direc- 
tions, double refraction produces by the destruction of li^ht resulting 
from the interference of rays ; but it is to Young that the honor belongs 
of having opened the way ; it was he who was the first to decipher 
these hieroglyphics of optics-t 

'Every one may hnvu remarked the tliivadsof a spider'H weh occaaioD ally exhibiting 
biilli&nt colors iu the Huuebhie. The sauio thiug U soeu iu fine Hcmtches on the surface 
of polished metal, produced in a more regular way hy the fine eDgravMl parallel 
«:aovea iu Barton's liuttouB. The colors of mother-of-pearl ore of the same kind ; all 
theBD colors Dr. Yonug shoived were duo to inlerference of the portious of tight reflected 
from the Hides of tbe uorrow transparent thread or groove. — Translatoh. 

t It has been well observed that simplicity is not always a fruit of the first growth, 
aud accordingly some of the earliest of Young's researches were complicated by trnne- 
ceesary conditions. Thus, to exhibit the effect of two rays interferine, lie at tust not 
utmaturnlly truusmitted the narrow beam of light through two small apertures near 



opaque body, tjie light team each tidt conspires to the effects in a aomewhat complex 
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The word liieroglypbic, regarded not metapliyaically, bat io its natu- 
ral acceptation, caiTies us into a field wbicli Las been long tbe theater 
a and animated debates. I have hesitated whether to risk 



manner. If tlie npi^rturo be othemiso than long with purallel sidea, tlio plieo 
liecomi-a atill mora coniplrx:, auil the calculation itifficnlt; ffwaiich cases lia.vue\ 
been scilvcd, mid aomo Hiich caaes liavo bepn dwelt npon aa foimidable objectioDH to 
tbe tliKory ; they nro nimply casee to which the Ibrmula, from its mathematical diffi- 
cnltivH, hoa not yet been extended. 

In all these cnaes of ililTrnction an opaque liody wafl nscd, and it might still be ins- 
pected tliat some aclioH of the cilgc of that body mieht be concernod in the renult. Nn- 
merons exiierinients of Maraldi, Dutoiir, Biot, ana others were directed t4> the Investi- 
gation of thJH point, fiiot ahoweil that an opagae body was not ui^esaory, inasmuch 
OS the edfie of the plate 0/ gla4$, or even the bounding line of two facos of a gksa, cut 
at a slight inclination to each other, gave the same flriiigeB ; Indeed, Newton also had 
noticed something of the kiud. Haldat varied the conditions of the edge in every 
conceivable way, whether of fonn or nature, by the induenco of magnetism, galvan- 
ism, electricity, or temperature from freezing to a red heat, without producing the 
Bligufest diflVrence in the friuges — a result which it would bu impossible to conceive 
compatible with any idea of an atmosphere of attractiou or repulsion surrounding the 
edge. 

Again : Though we have given the explanation of the eitemal fringes in its simple 
and correct form, ;et both \^nng and Fresnel failed in the first instance to sec it in 
that light, both believing that tbe rejieclion of a portion of rays from the ttdge of tbe 
opaque biHly mas mainlff concerned in producing the Interference. Subsequent experi- 
ments slion'i-d that even in casea where that edge reUccts any sensible amount of light, 
its ioflucuce on the diffracted friuges is quite inappreciable. In fact, Young, in a let- 
ter to Fresnel, in returning thanks for a copy of a later memoir, in which he had shown 
this Huppwition U> bo unnecessary, also concnrs iu abandoning it. It did but compli- 
cate and iiyure the bcanty of tbe result, (Yonng's Works, i, 3!)3;) and every dnuht 



must have <lisapiieared in the minds of those who compareil the minnto arilhmcticul 

with which tbe places of the fringes, as computed from the simplo theory 

rcstigatlouB of I'Vesuel, agreed with those actually determined by the nicest 



micrometrical 11 

In enumerating the discoveries of Young in the first establishment of the wave 
theory, it is somewhat singular that Arngo, whether from accident or design, should 
haveoverlooked one investigation which mnstljcregordcdoa among the most imiHirtant. 
The great support which tho emission theory received iu recent times wna that derived 
IVom Lnplaci^'^ memoir ou the law of double refraction, (1(W9,) in which, on the prin- 
ciple of " least action." aa maintained hy Munpertins aud applied to the idi-a of lumi- 
nous molecules, he explained the observed laws of ordinary and extraordinary rcfnic- 
tion in Icohind spar. This investigation exercised a powerful influence in favor of the 
molecular theory over the mludsof the men of science in France, who iMwed implicitly 
to the anthority of Lapluce. Itut tlie memoir of Laplace was the subjitct of a very 

Kwerful attaclj on the part of Dr. Vouug, carried on in on article iu the Quarterly 
view, November, WV, in which ho disputed the luechauicat and mathematical 
groiuds of Laplace's theor]', and sbowcil that the samu laws uf donble n'froctiou 
could be far more easily <lednced from the luidulatory hypothesis. Next to the dis- 
covery of interference, this refutation of tho strongest point of tbe emiHMiou theory 
cannot bnt be 'regarded as one of the most material in the development and establish- 
ment of tho uudulafory view. 

To the statement of these various cases of interference it should lie added, thnt when 
the tints of polarised light were discovered, Young iu ii*li applied to the phcnnmcua 
the general consideration of inlcr/irencc ; that is to say, ]ui showed tliut. owing tn 
the difl'ering obliquities of the paths of tbe rays within tho crystal, thiy would 
be unequally retarded in their passage, and would consequently emerge in eon- 
ditions, with regard to length of route, respectively of accordance or discordance at 
corres|i<on<ling distances rouud tho central line or axis of the crystal, and thus might 
give rise to colored rings. Arago, however, soon noticed that the explanation was. 
incomplete ; the main point, in tact, remained to bo accounted for, viz, why wo see iinl 
colors till the analgia- is applied, and why even tbe previous pohirizatiou is necessary 
to the result. It was not until abont two years ouerwanl tliat Arago and Frc-snel 
Jointly succeedeil in discovering a. new law, which not only fumisheil tho comi>leto 
solution of the polarised rings, lint at length cleared away all the difliculties which, 
from the first, had snrronnded the idea of polarization itself, For an accvont of thia 
wememofr of Freauel, — Trakslator. (.^OOqIc 
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offending the feelings which this question hasexcit«d. The secretary of 
an academy occupied exclusively with the exact sciences might indeed, 
without impropriety, remit this philological subject to other more com- 
petent judges. I also feared, I will avow, to find myself in disagree- 
ment on several important points with the illustrious man of science 
whose labors it has been so delightful to me to analyze, wicbout having 
to add a word of criticism from my pen. All these scruples, however, 
vaiiisli when I reflect that the interpretation of bieroglypliics has been 
one of the most beautiful discoveries of our age ; that Young himself 
has mixed up my name with discussions relating to it ; that to examine 
whether France can pretend to this new title to glory, is to enhance the 
imijortance of the task contided to me at this moment, and to perform 
the duty of a good citizen. I am aware that some may find narrowness 
in those sentiments, I am not ignorant that the cosmopolitan spirit has 
its good side ; but with what name shall I stigmatize it, if, when all 
neighboring nations enumerate with triumph the discoveries of their 
sons, it should hinder me from seeking, eveu in the present circle, 
among those colleagues whose modesty I would not hurt, the proof that 
France is not degenerate ; that she also adds every year her glorioos 
contingent to the vast deposit of human knowledge t" 

I approach, then, the question of Egj'ptian writing, and I do so tree 
from all prejudice, with the firm wish of being just; with the lively 
desire to conciliate the rival pretensions of two men of science, whose 
premature death has been to all Europe a legitimate subject of regret. 
Lastly, I shall not in this discassion on hieroglyphics transgress the 
bounds imposed on mc; happy if those who listen to me, and whose 
indulgence I ask, may find that I have known how to cscai>e the induence 
of a subject whose obscurity is proverbial. 

Men have imagined two systems of writing entirely distinct. One is 
that employed by the Chinese, which is the system of hieroglyphics; 
tho other, at present in use among all other nations, bears the name of 
the alphabetical or phonetic system. 

The Chinese have no letters projwrly so called : tho characters which 
they use in writing are stnctly hieroglyphics ; they do not represent 
sovnds or articulations, but ideaji. Thus a house is represented by a 
unique and si>ecial character, which does not change even when the 
Chinese have come to call a house, in their spoken language, by a name 
lx>t ally different from that which theyformerly pronounced. Does this 
result appear surprising! Imagine the case of our ciphers, which are 
also hieroglyphics; the idea of one added to itself seven times is expressed 
everywhere in France, in England, in Spain, &e., by the aid of two cir- 
cles placed vertically one over the other, and touching in one point ; but 
. inlookingnt this hieroglyphicsign (8) the Frenchman pronounces -'huitj" 
the Englishman "eight," the Spaniard "ocho." ITooue is ignorant that it 
is the same with compouud numbers. Thus, to speak briefly, if the Chinese 
ideographic signs were generally adopted, as the Arabic numerals are, 
every one would read in his own language the works which they pre- 

•In liringingont apart of this chapter OH Euyptian "hieroglypliicB in tho Anattaire 
for ISIUi, Aingu has addcil : "ThoCrRt exact iul^rpretatioti which haa bceu given of 
Egyptian hiemglyphica will certainly talco its place among the most bcanliful discov- 
enes of the age. Beaides, alter the animated debates to which it has (nvcn birth, 
ereiy one would desire to know whether France can eonidentimaly pretend to (bis new 
title to glory. Thaa the importance of the question, and the natiounl self-love prop- 
uly nndoratood, unite in enconraging me to publish the result of a mimito c:camliia- 
tdon to which I have devoted mvBelf. Can I, then, be blind to the danger which there 
ilways Is in attempting difflcalt eult]^*' >" »u>ttetB which we have not mode Uis 
apeoial aahjeot of onr etadies I " 
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sented to Lim, witliout the need of knowing a single word of tlie lan- 
guage spoken by the authors who Lave written them. 
It is not so with alphabetical writing. 



having made the capital remark that all words of a spoken Inngaage, 
even tlie most rich, are compounded of a very limited number of 
elementary articulate sounds^ invented artificial signs or letters to the 
number of twenty-four or thirty to represent them. By the aid of these 
signs difi'ereiitly combined be could write every word which struck bis 
ear, even without knowing the meaning of it. 

The Chinese or hieroglyphic writing seems to be the infancy of the 
art. It is not always, as liaB been sometimes said, that to learn to read 
it, even in China, occupies tbe wbole life of n studious Mandarin. Si6- 
musat (whose name I cannot mention without recalling one of the most 
heavy losses which literature ba« lately sustained) has established, both 
by his own experience and by the fact of the excellent scholars he has 
formed every year by his lectures, that we may learn Chinese like any 
other laugiiage. It is not true, as was once imagined, that the char- 
acters are appropriated solely to the expression of common ideas ; several 
pages of the romance of Yu-hiaoH, or The Two Cousins, will suffice to 
show that tbe most subtle abstractions, tbetjaintesseDceof refluements, 
are not beyond the range of the Chinese writiug. The chief fault of this 
mode of writing is, that it gives no meansY)f expressing new names. A 
letter from Canton might have told at Pekin that on the 14th of June, 
1800, a great and memorable battle saved France from great peril ; but 
it would not have been able to express in these purely hieroglyphic char- 
acters that this glorious event took place near the village of Marengo, 
or that the victorious genera! was called Bonaparte. A people among 
whom the communication of proper names, from one place to another, 
could only take place by means of special messengers, would be, as we 
see, only in tbe first rudiments of civilization. These preliminary re- 
marks are not useless. The question of jiriority, which tUe graphic 
methods of Egypt have called forth, thus comes to be easy to explain and 
to comprehend. As we proceed, in fact, we find in the hieroglyphics of 
the ancient people of the Pharoabs all the artifices of which the Chinese 
make use at tbe present day. 

Many passages of Uerodotus, of Diodoms Siculus, of Clement of Al- 
exandria, have taught us that the Egyptians bad two or three different 
sorts of writing, andttiat in one of these, at least, symbolic characters, 
or the representatives of ideas, played a principal part. Hor-ipoilon 
has even preserved to us the signification of a certain number of these 
characters. Thus we know that the hawk designated the soul; the ibis, 
the heart; the dove, (which might seem strange,) a violent man; the 
/lute, an alien; the nuraber six, pleasure; afrog, an impudent man; the 
ant, wisdom; a runnijtg knot, love; &e. 

The signs thus preserved by HorapoUon form only a very small part 
of tbe eight or nine hnndred characters which have been found in the 
ancient inscriptions. Tbe moderns, Kircher among others, have en- 
deavored to enlarge the number. Their efforts have not given any use- 
ful result, unless it be so to show to what errors even the best-instructed 
men expose themselves when in the search after facts they abandon 
themselves without restraint to imagination. In the want of data, the 
interpretation of the Egyptian writings appeared lor a longtime, to all 
sound minds, a problem completely incapable of solntion, when, in 1799, 
M. Boussard, an engineer officer, discovered in the excavations wbidi 
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bo was making neur Bosctta a large stune covered with iuscriptioos Id 
three kindei of characters quite distinct. 

One of the scries of characters was Greek. This, in spite of somo 
mutilations, made clearly known that the authors of the monument had 
ordained that the same insmption should ho tJ^ced in three different 
sorts of clmracters, viz, in the sacred characters or Egyptian hieroglyph- 
ics, in the local or vulgar characters, and in Greek. Thus, by an unex- 
l>ected good fortune, the philologists found themselves in possession of 
a Greek text, having also before them its translation into the Egyptian 
language, or at least a transcription in two sorts of characters anciently 
in nso on the banks of the Kile. 

This Gosetta stone, since so celebrated, and which M. Boussard pre- 
sented to the Institute of Cairo, was taken from that body at the period 
when the French army evacuated Egypt. It was preserved, however, 
in the British Museum, where it figured, as Thomas Yonng said, as a 
nionument of British valor. Putting valor out of the question, the cele- 
brated philosopher might have added, without too much partiality, that 
this invaluable trilingual monument thus bears some witness to the 
advanced views which guided all the detailsof the memorable expedition 
into Egypt, as also to the indefatigable zeal of the distinguished savants 
whose labors, often carried on nnder the fire of the forts, have added so 
much to the glory of their country. The importance of the Bosett» 
stone struck them, in fact, so forcibly, that, in order not to abandon 
this precious treasure to the adventurous chances of a sea voyage, they 
earnestly applied themselves, from the first, t« reproduce it by copies, 
by impressions taken in the way of printing from engravingH, by molds 
in plaster or sulphur. We must add that antiquaries of all^ countries 
became first acquainted with the Bosetta stone from the designs given 
by the French savants. 

One of the most illustrious members of the institute, M. Silvestre do 
Sacy, entered first in 180a on Uie career which the trilingual inscription 
opened ta the investigations of philologists. He only occupied himself 
on the Egyptian text in common characters. He there discovered the 
gronps which represent the difierent proper names, and their phonetic 
nature. Thus, in one of two inscriptions, at least, the Egyptians had 
the signs of sounds, or true letters. This imjjortant result found no 
opponents after a Swedish man of science, M. Akerblad, in completing 
the labors of our fellow-countryman, had assigned, with a probability 
bordering on certainty, the phonetic value of each of the diftcrcnt char- 
acters employed in the transcription of the proper names which the 
Greek text disclosed. There remained all along the purely hieroglyphic 
part of the inscription, or what was supposed such ; this remained un- 
touched; no one had ventured to attempt to decipher it. It is here 
that we find Yonng declaring, as if by a species of inspiration, that in 
the multitude of sculptured signs on the stone representing either entire 
auimals, or fantastic forms, or again instruments, products of art, or 
geometrical forms, those of these signs which were found inclosed in 
elliptic borders corresponded to the proper names in the Greek inscrip- 
tion, iu particular to the name of Ptolemy, the only one which in the 
hieroglyphic inscription remains uninjured. Immediately afterward 
Young said that in the special case of the border or scroll, the signs 
included represented no lougeridcas, but sounds. In a word, he sought 
by a minute and refined analysis to assign an individual hieroglyphic 
to each of the sounds which the ear receives iu the name of Ptolemy in 
tho Itosetta stones and in that of Berenice in another monument. Thus 
■we see, unless I mistake, in the researches of Young on the graphic aya- 
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toms of the Eg:)'ptiaus, tbe three culmiDntiiig points. Ko one, it is said, 
had perceived them, or at least had {wiiited them out before tbe Eog- 
liHh philosopher. This opiuion, altliough generally admitted, appears to 
me open to dispute. It is, in fact, cert^iiii that in 1766 M. de Gniguea, 
in a print«d memoir, had indicated that the scrolls in Egyptian in- 
scriptions includeil all the protier names. Every one might also see 
in the same work the argnments on whioli the learned orientalist relied 
to estahliah tbe opinion which be had embraced on the constant pho- 
netic character of the Egyptian hieroglyphics. Young, then, baa the 
priority on this ]>oint aloue. To him belongs the first attempt which 
had been made to decompose in letters tbe groups of the scrolls, to give 
a phonetic value to the hieroglyphics which composed iu the stone of 
Rosetta the name of Ptolemy. In this research, as we might expect. 
Young furnished new proofs of his immense penetration ; but, mislead 
by a false system, his efforts had not a full success. Thus sometimes 
he attribnt€S to the hieroglyphic characters a value simply alphabetical. 
Further on ho gives them a value which is syllabic or dissyllabic, with- 
out being struck by what must secui so strange in this mixture of dif- 
ferent characters. The fragment of an alpbatwt published by Young 
includes, then, something Ixttb of truth and falsehood, but tbe false 
so much abounds that it would be impossible to apply the value of let- 
ters which compose it to any other reading than that of the two jiroper 
names from which it was derived. The word impossible is so rarely met 
with in tbe scientific career of Young, that I must hasten to justify it, 
I will say, then, that after the composition of his alphabet Young him- 
self believed that he saw in the scroll of an Egyptian monument tbe 
name of "jlrstBoe," where his celebrated competitor had since sbowu 
with irresistible evidence the word "aatocrator;" that he believed be 
had found " euergeteg " in a group where we ought to read ^^Ccemr.^ 

The labors of Champollton, as to tbe discovery of the phonetic value 
of hieroglyphics, are clear, distinct, and cannot involve any doubt'. 
Each sign is equivalent to a single vowel or consonant. Its value is 
not arbitrary. Every phonetic hieroglyphic is the image of a physical 
object whose name in the Egyiifian language commences with the vowel 
or the consonant wliich it is wished to represent,* 

Tlie alphabet of Cbampollion, once modeled from the stone of Rosetta 
and two or three other monument's, enables us to read inscriptions en- 
tirely different; for example, tbe name of Cleopatra on the obelisk of 
Philoe, long ago transported into England, and where Dr. Young, 
armed with his alphabet, could discover nothing. On the temple of 
Karnac, Cbampollion reatl twice the name of Alexander; on the Zodiac 
of Denderah, the title of a Roman emperor ; on the grand edifice above 
which it is placed, tbe names and surnames of the emperors Angustus, 
Tiberius, Claudius, Nero, Domitiau, &c. Thus, to speak briefly, we 

* This will become cleat W ovory one, if we scf k, by fnllowtDg the Egyptian syateni, 
tn compose hieroglyphics in tbe t^encb language. A may be rujireeeuted by lagntaii) 
a Iamb, {aigle,) au eagle, an ana, aueinone, artichoke, &c. ; B, by a balance, a whale, 
(bateiiK,) a boat, &c.; C, by MiJana, (6a(^«-,) cActoI, (hotse,) cat, cedar, &c. ; E, by 
ijpic, (a sword,) elephant, ipagntiLl, (spanifl,) i.e. AM, then, would be written in 
Freiicn hloroglyphica by putting any of the ibllowing ligitroH in succesaion : A lamb, 
a balance, a whale, an elephant ; or an eagle, a boat, a sword, &c. This kind of wril' 
Ing has Mime analogy, oa we »eo, with the rebus in which confectioners wrii|> their hon- 
hem. Thus we see at what elago these Egyptian priests wore, of whom antiquity has 
BO miieh boasted, but who, we must say, Gave taught us so little. 

M. Cliamimllion calls homaphonea all those sims which, reproseutiug tbe same sound 
IT the same articulation, can bo substituted iuUiAereutly for each other. In the actual 



state of the Egyptian alphabet I iwrccive sin or seven boniophoue signs fo- A and 

more than twelve for the Greek Sigma, — Ak&uo. /- -...lij 
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And on one hand tbe lively discussion to which the age of these mona- 
menta had given rise eomnletely terminated : on the other, we observe 
it establiBhed beyoQd question that tmder the Roman dominion hiero- 
glyphics were still in full use on the banks of the Nile, 

The alphabet which had given such unhoped-for results, whether 
applied to tbe great obelisks at Karna«, or to other monuments which 
are also recognized as being of the age of the Pharaohs, presents to us 
the names of many other kings of this ancient race ; the names of 
Egyptian deities; we can say more, substantives, adjectives, and verbs 
of the Coptic language. Young was then deceived when he regarded 
the phonetic hieroglyphics as a modem invention ; when he advanced 
that they served solely for the transcription of proper names foreign to 
Egypt. M. de Guignes, and, above all, M. fitieune Quatremfere estab- 
lished, on the contrary, a real fact, and one of great importance — that 
tbe reading of the inscriptions of the Pharaohs is corroborated by irresist- 
ible proofs, while they show that the existing Coptic language was that 
of the ancient subjects of Sesostris. 

We now know the facts. I may, then, confine myself to confirm, by 
a few short observations, the consequences which appear to me to result 
from them. 

Discussions of priority, even under the dominion of national pr^n- 
dices, will have become embittered if they can be reduced to fixed rules j 
but in certain cases the first idea is everything ; in others, the details offer 
the chief difhculties ; sometimes the merit seems to consist leas in the 
conception of a theory than in its demonstration. We then infer how 
mnch tbe choice of a particular point of view must depend on arbitrary 
conditions ; and, lastly, how much influence it will have on the definite 
conclusion. To escape from these embarrassments, I have sought an 
example in which the parts respectively played by two rival claimants 
for an invention may be assimilated to those of Champollion and Tonng, 
and which has, on the other hand, united all opinions. This example, . 
I believe, I have fonnd in the interfereneei, even leaving out of the ques- 
tion, as regards the subject of the hieroglyphics, the quotations fiom the 
memoir of M. de Guignes. It is as follows : Hooke, in fact, had an- 
nounced, before Dr. Young, that luminous rays interfered, just as the latter ■ 
had asserted, before Champollion, that the Egyptian hieroglyphics are 
sometimes phonetic. Hooke did not prove directly his hypothesis; the 
proof of the phonetic values assigned by Young to different hieroglyphics 
could only rest on readings which bad not, as yet^ been made, and which 
could not then be made. From want of knowing the composition of 
white light, Hooke had not an exact idea of the nature of interferences, 
as Young on his part deceived himself by an imagined syllabic or dis- 
syllabic value of hieroglyphive. Young, by unanimous consent, is 
regarded as the author of the theory of interferences. Thence, by a 
parity of reasoning which seems to me inevitable, Champollion ought 
to be regarded as the author of the discovery of hieroglyphics. 

I regret not to have sooner thought of this comparison. If, in his 
lifetime, Young had been placed in the alternative of being the origina- 
tor of the doctrine of interferences, leaving the hieroglyphics to Cham- 
pollion, or to keep the hieroglyphics, giving up to Hooke the ingenious 
optical theory, I do not doubt he would have felt obliged to recognize 
the claims of our illustrious fellow-countrjman. At all events, there 
would have remained with him what no one could have contested, the 
right to appear in the historj- of the memorable discovery of the inter- 
pretation of hieroglyphics in the dame relative position aa that in which 

r -ikduCoot^le 
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Cepler, Borelli, Hooke, and Wren appeared iu tie bistory of universal 
gTiivitatiou. 

Note. — We have hen* put before our readers the literal version of 
Ara^'» statement respecting the vlaiuis of Young in regard to the dis- 
covery of the principle of interpreting the Egyptian hiexoglyphies. 
Arago's representationa have been, as is well kuown, greatly called in 
quefltioii. And though he throughout speaks in a tone of marked 
courtesy and candor toward Youug, yet it is clear that he espouses the 
oiiuse of Chanipollion with an ardor which many, in this country, believe 
bus, in some degree, blinded him to the truth of the case. At any rate, 
in the vivid and highly-colored sketch hero presented by M. Arago, the 
reader nmy need some caution in discriminating the fair share of merit 
tvbieb may be claimed by the respective parties engaged in the inquiry. 
Tiie author's national partialities may very naturally have had some infln- 
-ence in biasing his judgment. It is impossible here to enter on details 
of controversy. But both as to the actual amount and accuracy of Dr. 
Young's investigations and the relative claims of M. Cbampollion, the 
reader may find it desirable to refer to the extended discussion of the 
subject given in Dr. Peacock's Life of Young. Without the pretension, 
or indeed the possibility, of adequately goiug into this question within 
the limitH of such a commentary as can be here given, we shall content 
ourselves with pointing out to the notice of our readers a few of thoae 
passages in that work In which Dr. Young's claims are powerfully vin- 
dicated. The conclusions turn out such a variety of i>oints of details 
that it would be wholly impracticable to attempt any analysis of them 
ID this place. But the result tends to assign a considerably larger share 
of credit in the discovery to Dr. Young than Arago seems disposed to-^ 
allow him. Dr. Peacock's able and elaborate work is doubtless in the 
hands of all those who take any interest in a question so important to 
the advauce of philological and ethnological science as well as to geu- 
ei-al literature. Yet a slight sketch of the chief points referred to may 
not be useless. 

We may first mention that Dr. Young's article "Egypt," in the 8up- 
rplement to the Encyclopedia Britannica, published in 1819, contains the 
•most comprehensive survey of his labors and conclusions on the subject 
■of hieroglyphic literature up to that date. It does not profess to go into 
tfaoso minutis of critical detail, for which reference must be made to 
his numerous other writings on the subject ; but as a general and popu- 
lar view it will always bo consulted with advantage. Nevertheless, the 
reader must always bear in mind that in the statements just given much 
had to be revised, or even reversed, from the improved disclosures of 
his later researches. 

Dr. Peacock has alluded but briefly to the views of Arago, and toward 
the conclusion of the chapter sums up the representation of the case as 
given in the iloge, remarking only that.the whole of his previous state- 
ments constitute the refutation of it. 

Tlie following estract will show the main claims of Yonng, insisted on 
by his biographer: 

" It was Dr. Young who first determined, and by no easy process, that 
the rings* on the liosetta stone contained the name of Ptolemy. It 
was Dr. Young who determined that the semicircle and oval, found at 
the end of tbc second ring, in connection with the former, was expressive 
of the feminine gender j and it was Dr. Young who had not only first 

* CurUia portions of tlie liieroglypbicnl cbaract«rs are foand HUToaodetl b; b ring 
m inclMDiB called hy the Fnsucb oarloiuAca, (^rtriolr 
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BUgrgested that tlie characters in the riiij; of Ptolemy were plionetki, but 
hart determined, witli one very iinimiK)rtant inacciiraey, the.vnliies ot 
four of those which were coinmou to the name of Cleopatra, which were 
required to be analyzed. AH the principles involved in the diaeovery 
of an alphahet of phonetic hieroglyphics were liot only distinctly laid 
down bat ftilly exemplified by him; and it only required the further 
identification of one or two royal names with the rings, which expressed 
them in hieroglyphics, to extend the alphabet already known sufficiently 
to bring even names which wei* not already identified under its opera- 
tion." 

Dr. Peacock states that ChanipoUion and Young, while engaged sim- 
nltaneonsly in the prosecution of the researches connected with these 
points, in some instances had opportnuities of itersonal commuiiicatioa 
with each other. But Champollion eiyoyed especial advantages from 
circumstances which jilaced some of the papyri in his jmssession, and 
thus enabled him to take precedence in the publication of results ; 
while his com[)etitor, if he had enjoyed the same facilities, would, no 
doubt, have been efjnally competent to jjerceive the force of the new 
evidence thns adduced, and equally ready to make use of it, even if set- 
ting aside some of his earlier inferences and conjectures. 

l)r. Peacock, after retieciiug with much severity ou Champollion, ex- 
presses his regret to find so eminent a writer as Chevalier Uunsen, 
whose remarks are quoted before, (p. 311,) " supporting, by the weight 
nf his authority, some of the grossest of these misrepreseutations," (p. 
.337.) 

l>r. Young displayed singular modesty and forbearance in his contro- 
versy with Champollion, treating him thronghout with all the respect 
due to his acknowle<1ged eminence, and while mildly rejtroaching him 
with omitting to give him the due credit for his own share in the re- 
search, yet in no way insinuating that any discreilitable motive led to 
the omission. Dr. Peacock, however, thinks a far more stringent tone 
of criticism might have fairly applied ; he takes up the cause of Young 
with a leas scrupulous zeal, and, though with [terttct good temper, yet 
with deeply damaging force of argument and statement of facts, ex- 
poses the very unjustifiable nature of Champollion's assumptions, and 
vindicates the claims of Young to his fair and important share in these 
discoveries. He dwells on the tone of assumption in which Champollion 
presents himself to his readers as in exclusive iwssession of a province 
of which ho had long since been the sole conqueror, and regards every 
question raised as to his exclusive rights as an unjustifiable attack to be 
resented and repelled, while he studiously suppresses the dates of the 
successive stages of the discovery, and thus attat^ks Young on the as- 
sertions made on imperfect knowledge iu the earlier stages of his in- 
vestigations with the aid of all his own accnmulated information ac- 
quired subsequently, a procee<ling the iniquity of which needs only 
stating to stand exposed. As instances of this, it is mentioned that 
Young, in 1816, on the strength of comparatively imperfect information 
then acqnired, made some representations ros[>ecting the enchorial char 
acters in the Bosetta inscription, and their relation to those employed 
in the funeral rolls. These Champollion criticises and exposes without 
reserve from the more full knowledge he bad obtained in 1824, entirely 
[Kissing over Yonng's own later statement on the same subject, correct- 
ing his former views, and from which even Dr. Peacock considers Cham- 
pollion himself probably deri\ed a large portion of his own knowledge oJ 
the subject. Dr. Peacock has collected in one point of view Champol- 
lion's main assertions as representing the state of the case. But he baa 
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sbown tliat some of the propositions dwelt upon were, iu point of &ct, 
never maintained by Dr. Young ; and it was cliiefly by his later re- 
searches tbat the erroneous impressions at first ent«rtaiued, respecting 
the points to which tbt^y relate, had been corrected and their true oa- 
ture established. 

In ISiil CliampoUion denied altogether the existence of an alphabetic 
element among the hieroglyphics; but in the following year he 
adopted the whole of Young's principles, and applied them with one 
modification only. The analogy of certain marks in the Chinese hiero- 
glyphics to signify proper names, the principle that the phonetic power 
of the symbol is derived from the initial letter or syllable of the name 
of the object which it represents in the Egyptian language, are among 
the chief of those which he borrows without acknowledgment, or claims 
without regard to their prior announcement by Young. " It would be 
difficult," says Dr. Petwock, " to point out in the history of Uteratnre a 
more fiagrant example of disingenuous suppression of the real facts 
bearing on an important discovery." — Translator. 

MISCELLANEOUS VfOEKS OF DR. YOUNG. 

The limits prescribed do not permit me even to QUot« the mere titles 
of all the numerous writings which Dr. Young published. Ifevertheless 
the public reading of bo rich a catalogue would certainly have sufficed 
to establish the celebrity of our colleague. Wlio would not imagine, in 
fact, that he had l)efore liim the register of the labors of several acade- 
mies, and not those of a single individual, on hearing, for instance, tho 
following list of titles : 

Memoir on the Estshlishmeiits when) Iron is wrought. 

Baeays on Unaic and Painting. 

Bemarks on tbe Hnbita of Spiilers nnd the Thooiy of Fubriciua. 

On the Stability of the Archoa of Briilgee. 

Oil the Atiuosphere of the Moon. 

DoBcription of a new Species of Operculario. 

Hntheinatical Theory of Epioycloii 

ReHtorntioQ aiid Translation of dif 

On the M«.tnB of Strengthening thi . 

On the Pluy of the Heut nnd of the Artorieti in tbo Pheuoiueaa of CircDUtion. 

Theory of Tides. 

On tho Diaeasea of the Cheat. 

On the Friction of the Axes of Machines. 

On the Yellow Fever. 

On the CnlciilntioQ of Eclipses. 

BasavB on Grammar, &c.' 



Labors so numerous and varied seem as if they must have required 
the laborious and retired life of that class of men of science, which, to 
say the truth, is beginning to disappear, who ftom their earliest youth 
separate themselves from their companions to shut themselves up com- 
pletely in their studies. Thomas Youug was, on the contrary, what is 
usually called a man of the world. He constantly frequented the best 
society in Loudon. The graces of bis wit, the elegance of his manners, 
were amply sufficient to make him remarkable. But when we figure to 
ourselves those numerous assemblies in which fifty differeut subjects in 

* This list, it should be lM>rnc in mind, is intended by the anthor merely as a speci- 
men of the vast catalogue which might be made of Young's writings ; the reader will 
find ample details as to liia iDnumomblo prodnctious in P(;ncock's Lifo^TBAs^dtroR. 
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tarn are Bkimmed over in a few miautes, we may coDceive what value 
would be attached to oue who was a true living library, from whom e\'ery 
one could fiud, at a moment, an exact, precise, substantial answer on 
all kinds of Questions which they could propose to him. Young was 
much occupied with the fine arts. Kfany of his memoirs testify the pro- 
found knowledge which he had happily acquired of the theory of music. 
Uc carriod out also to a great extent the talcut of executing it ; and I 
t>elieve it is certain that of all known iustrumeuts, even including the 
Scottish bagpipe, only one or two could be named on which ho could 
not play. Ilia taste for painting developed itself during a visit which 
he paid to Germany. There the magnificent collection at Dresden ab- 
sorbed his attention entirely; for he aspired not solely to the easy credit 
of connecting together, without mistake, the name of such or such an 
artist with such or such a painting ; the defects and the characteristic 
qualities of the greatest masters, their frequent changes of manner, the 
material objects which they introduced into their works, the modifica- 
tions which those objects and the colors underwent in progress of time, 
among other points, occupied him in succession. Young, iu one word, 
stndial painting in Saxony as he had before studied languages in his 
own countrj-, and as he afterward studied the sciences. Everjthing, 
in fact, was a subject of meditation and research. The university 
contemporaries of the illustrious physicist recalled a laughable instance 
of this trait of his mind. They related that entering his room one day, 
when for the first time he had taken a lesson in dancing the minuet, at 
Edinburgh, they found him occupied iu tracing out minutely with the 
rule and compasses the route gone through by the two dancers, and the 
different improvements of which these figures seemed to him susceptible. 
Young borrowed with happy effect from the sect of the Friends, to 
which he then belonged, the opinion that the intellectual faculties of 
childreu differ originally from each other much less than is commonly 
supposed. "Any man can do what any other man has done," became 
his favorite maxim. Andfiu-ther, never did he personally himself i-ecoil 
l>efore trials of any kind to which he wished to subject his system. Tho 
first time he mounted ahorse iu company with the grandson of Mr. Bar- 
clay, the horseman who preceded them leaped a high fence. Young 
wished to imitate bim, but he fell at ten puces. lie remounted without 
saying a word, made a second attempt, was again unseated, but this 
time was not thrown further than on the horse's neck, to which he 
clnng. At the third trial the young learner, as his favorite motto taught, 
succeeded in executing what another had done before him.* This experi- 
ment need nut have been referred to here, but that it had been repeated 
at Edinburgh, and afterward at Giittingen, and carried out to a further 
extent beyond what might seem credible. In one of these two cities 
Young soon afterward entered Into a trial of skill with a celebrated 
roi)C-i^ucer ; in the other, (and in each case the result of a challenge,) 
be acquired the art of executing feats on horseback with remarkable 
skill, cveu iu the midst of consummate artistes, whoso feats of agility 
attract every evening such numerous crowds to tlie circna of Fninconi. 
Thus, those who are fund of drawing contrasts may, on the one side, 
represent to themselves tho timid Newton,f never riding in a carriage, 
so mncb did the fear of being upset preoccupy him, without holding to 

' TfaU ani>cilot« neoma at variance with wbat is etuted on the authority of a Cam- 
bridije contemporary of Vouiik in Dr. Peacock's Life, (p. 119,) thai he only once there 
attempted to follow the hoonds, when a severe fall prevented any further exbibitiona 
of tbu kind.— TRAK9I.ATOU. 

t Tbia practice baa beeu described as that of Newton's, but tbe motive nsaigDcd by 
Arngo ia novel. 



136 EULOGY OS THOJIAS YOUNG. 

both the doors with extcudctl arms, aod. on the other, his distinguished 
rival galloping on the backs of two horses with all the confidence of an 
equestrian by profession. 

In England, a physician, if he does not wish to lose the confidence ol 
the public, oaght to abstain from occupying himself with any scientific 
or literary research which may be thought foreign to the art of curing 
diseases. Young for a long time did homage to this prejudice. His 
writings appeared under an anonymous veil. This veil, it is true, was 
very transparent Two consecutive letters of a certain Latin motto 
served saccessively in regular order as the signature to eacli memoir. 
But Young comninnicated the three Latin words to all his fricuds both 
in his own countiy and abroad, without enjoining secrecy on any one. 

Ucsides, who would be ignorant that the distinguished author of the 
theory of interferences was the foreign secretary of the Koyal Society 
of London j that he gave in the theater of the Koyal Institution a course 
of leetnres on mathematical physics ; that, associated with Sir H. Davy, 
he published a journal of the sciences, &c. 1 And, moreover, we must say 
that his anonymous disguise was not rigorously observed even iu his 
smaller memoirs ; and on important occasions, when, for instance, in 
1807, the two volumes in qiuirto appeared, of 800 or 'JOO pages each, in 
which all branches of natural philosophy were treated in a manner so 
new and profound, the self love of the author made him forget the in- 
terests of the physician, and the name of Young in large letters repla<'.ed 
the two small italics, whose series was then terminated, and which 
would have figured in a rather ridiculous manner in the title-page of 
this colossal worli. 

Young had not then, as a physician, cither iu I.K>ndon or at "Worthing, 
where he passetl the sea-bathing season, any extended practice. The 
public found him, in fact^ too scientific. We must also avow that his 
public lectures on medicine, those for instance which he delivered at 
St. George's Hospital, were generally but ill-attended. It has been said, 
to explain this, that his lectures were too dry, too full of matter, and 
that they were beyond the apprehension of ordinary understandings. 
But might not the want of success be rather ascribed to the freedom, 
not very common, with which Y^oung pointed out the inextricable diffi- 
culties which encounter us at every step iu the study of the numerous 
disorders of our frail machine f 

Would any one expect at Paris, and especially in an age when every 
one seeks to attain his end quickly and without labor, that a jirofcssor 
of the faculty would retain many auditors if he were to commence with 
the«e words, which I borrow literally from Dr. Young: "No study is 
80 complicated as that of medicine ; it exceeds the limits of human in- 
telligence. Those jihysicians who precipitately go on without trying to 
comprehend what they observe, are often just as much advanced as 
those who give themselves up to generalizations hastily made on obser- 
vations in regard to which all analogy is at fault." And if the profes- 
sor, continuing in the same style, should add, " In the lottery', of medi- 
cine the chances of the possessor of ten tickets must evidently be greater 
than those of the possessor of five," when they believed themselves en- 
gaged in a lottery, would those of his auditors whom the first phrase 
had not driven away be at all disposed to make any great eflorts to 
procure for themselves more tickets, or, to explain the meaning of our 
professor, the greatest amount of knowledge possible t 

Id spite of his knowledge, perhaps even &om the very cause that it 
was so extensive, Young wu^ totally wanting in confidence at the bed- 
aide of the patient. Then the mischievous effects which might eveut^ 
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□ally result from the action of the medicine, even the moat clearly 
called for, presented themselves in a mass to bis mind ; seemed to coun- 
terbalance tbe favorable chances wbich might attend the use of tbem } 
and thus threw him into a state of indecision, no doubt very natural, , 
yet on ^vhich the public will always put an unfavorable constniction. 
Thesametimldity showed itself in all the works of Young which treated 
on medical subjects.* This man, so eminently remarkable for the bold- 
ness of his scientific conceptions, (^ves here no more than a bare enumera- 
tion of facts. He seems hardly convinced of the soundness of his 
tbesis, either when he attacks the celebrated Dr. Badcliffe, whose whole 
secret in the most brilliant and successful practice was, as he has him- 
self said, to employ remedies exactly the reverse of the usual way ; or 
when he combats l>r. Brown, who found himself, as he says, in the dis- 
agreeable necessity of recognizing, and that iu accordance with the offi- 
cial documents of an hospital, attended by the most eminent physicians, 
that, on the average, fevers left to their nntural course are neither more 
severe nor of longer duration than those treated by the best methods. 

In 1818 Young, having been named secretary to the Board of Longi- 
tude, abandoned entirely the practice of medicine to give himself up to 
the close superintendence of the celebrated periodical work known 
under the name of the Kautical Almanac. From this date the Journal 
of the Koyal Institution gave every quarter his namerous dissertations 
on the most important problems of navigation and astronomy. A vol- 
ume entitled " Illustration of the M^canique Celeste of Laplace," a scien- 
tific discussion on the tides, amply attested that Young did not consider 
the employment he had accepted as a sinecure. This employment be- 
came, nevertheless, to him a source of unceasing disgust The Nautical 
Almanac had always been, from its commencement, a work exclusively 
destined to the ser^-ice of the navy. Some persons demanded that it 
ought to be made, besides, a complete astronomical ephemcris. Th6 
Board of Longitude, whether right or wrong, not ha\ing shown itself a 
strong partisan of the projected change, fonnd itself suddenly the object 
of the most violent attacks. The journals of every party, whig or tory, 
took part in the confiict- 

We were no longer to view it as a union of such men as Davy, Wol- 
laston, Yonng, Herschel, Kater, and Pond, but an assembly of individ- 
uals (I (juote the words) "who obeyed a Boeotian influence." The 
Nautical Almanac, hitherto so renowned, was now declared to have be- 
come an object of shame to the English nation. If an error of the 
press was discovered, such as there mnst be in any collection of figures 
at all voluminons, the British navy, fcom the smallest bark np to the 
colossal three-decker, misled by an incorrect figure, would all together 
be engulfed in the ocean, &c 

It has been pretended that the principal promoter of these foolish 
exaggerations did not perceive such foolish errors in the Nautical 
Almanac until after he had unsuccessfully attempted himself to obtain 
a place in the Board of Longitude. I 'know not whether the fact was 
so. In any case, I would pot make myself the echo of the malicious 
commentaries to which it gav^ rise. I ought not to forget, in fact, that 

•This timidity in medical HjHsculation is entirely borne oat by the tenor of Young's 
inti'llpctiinl cbarocter, as exiiitiited in aiirb forcible lineaments in the poitrnitprpsent^d 
to an by Dr. Feflcock. Hismind was essentially cost in acnatler-of-faot,poeitive,donion- 
strative mold; bcnce all sulijectsof nbatract or doubtful inquiry, in irbiuh probabilities 
Blnno conid be eHtimatc<l, or wbeu the couclustons were to bo the result of moral dis- 
cri mi nation, were iittorly unanited to him. His medical character has bo^o viewed, 
however, in ft mneli higher light, by Dr. Peacock, who hiw sonsht to combat the ffln- 
lavorablc imiiressions here ndvanced. (See espocially pp.213, 222.)— TRANSrAtv'H. 
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for many years piist tbat member of the Royal Society to wliom I allude 
Las uubly devoted n part of Lis large fortune to tbe advancement of 
Kcience. Thia commendable astronomer, like all men of science whose 
tboiigUts are eoncentrated on one sole object, fell into the error, which 
I do not pretend to excuse, of measuring through a maguifyiug-glass 
the imix)rtance of the projects he had conceived. But that with which, 
above all^ he must he reproached is, that he did not foresee that tbe 
hyperbolic language of his attacks would bo taken literally ; that he 
forgot that at all epochs and iu all countries there are a great number 
of jMirsoiis who, having nothing to console them for their littleness, seize 
as a prey on all occasions of scandal, and, under the mask of zeal lor 
the public good, enjoy the delight of being ignoble defamers of those of 
their contemporaries whose success has been proclaimed by fame. In 
Rome, he whose office it was to insult the triumphant conqueror was 
altogether a slave ; in London it was a member of the House of Com- 
mons from whom the men of science received a cruel affront. An orator 
notorious for his prejudices, but who had hitherto vented his bitterness 
only against productions of French origin, attacked the most celebrated 
names in England, and retailed against them, iu open Parliament, 
puerile nccnsationa with a laughable gravity. Ministers, whose elo- 
quence was exercised for hours on the privileges of a rotten borough, 
did not pronounce a single word in favor of genius. The Board ot 
Longitndo was suppressed without opiwsition. The nest day, it is true, 
the wants of an innumerable marine service made their imperative voice 
heard, and one of the men of science who had been displaced, the former 
secretary of the board. Dr. Young, found himself recalled to his old 
labors. Paltry reparation I 'W;ould the man of science feel less the 
separation from his illustrious colleagues T Would the man of feeling 
less perceive that the noble fruits of human intellect were subjected to 
tariff by the representatives of the country, in pounds, shillings, and 
]>ence, like sngar, pepper, or cinnamon T 

The health of our colleague, wLich Lad already become somewhat 
precarious, declined from this sad epoch with fearful rapidity. Skillful 
physicians, by whom he was attended, soon lost hope. Young himself 
had a consciousness that his end was approaching, and saw it come with 
an admirable calmness. Until his last hour he occupie<l himself with- 
out intermission on an Egyptian dictionary then in the press, and which 
was not published till after bis death. When his powers did not permit 
him any longer to sit up or to employ a pen, he corrected the proofs 
with a pencil. One of the last acts of his life was to exact the sup- 
pression of a small publication written with talent by a I'rieudly hand, 
and directed against all those who had contributed to the destruction oi 
the Board of Longitude." Young died surrounded by a family by whom 

* Tile wliole accoimt of the transactioDs connectwi with the abolition of the Board 
of Longitude numt lie received with some qiinlifiralion. Arago writus oa the stilject 
in his nsu»l vehement tone, and in the fepliuj; in which the whole dSuit wonid 
naturally bo viewed by a foreigner -perhaps not intimately acqnainted with the 
miuuto pointH of the case, and the somewhat dilTereut relative position uccnpieil by 
the parlies iu England to tbat in which they might aland in yrance. It may be riaht 
vi-ry briefly to point ont a few particulars iu thi> casi', whioh are necessary for forming 
a correct imprewion of it. The Board of IiougitiKlo, orixinnlly instilnted, as its name 
implied, for one specitic object, which it was cousidervd had been safficiently attained, 
mas, in 131'^, remodelv<l by act of Parliament, wlioD Dr. Young was appointed secre- 
tary to the board auA snperinteudeut of the Nautical Almanac The late Mr. F. Baily, 
whose eniinenco in astronomicnl science may perhaps be dated from tbat event, 
«trougly pointed ont the numerous defects of the Nantical Almanac. Thifl led to some 
controversy of rather a sbarj) natnre between faimsrlf and Dr. Young, who defended 
the existing system. Other astronomers Joined in the desire for theae«kDd eves more 
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he was adored, May 10, 1829, barely at the age of fifty-six. Examiaa- 
tioD showed that he suffered Ixom ossification of the aorta. 

I have Dot dwelt too loag on the task imposed oq me if I have brought 
out, as I wished to do, the importance and novelty of the adniirable law 

extenaive imprDremeDta, all which (ivith oue alight cuuce>88ion] wi:rt> stondily opposed 
by Dr. YoiiDg. Amoug thpao iMlvociLtcs for reform weru Revoral memliera uf tbo board 
itself, nho argcd thnm at itit lueetia^ There iraa also a very prevalent impreMioa, 
ereu amoDg its on-n inemben, that the board was mil well cooatituted, ami might 
have been capable of imicb bett«r aprvice to the nation if its fuiiotioua were leas re- 
stviutul aod the aclectioii of lt« nioiubere plac«d on a bulti^r looting. In other quar- 
ters iiupreueioua nnfavorablu to ita utility were prcvnioiit, and it can hardly be matter 
of anrpi'iae that, nben the boanl woa itaelf dlviited in opinion, the public or the legis- 
lature shoald eut«rtaiu donbta of its utility, or even hostile feeliuga toward it. What 
were the precise notions of the government, or the machinations by which they were 
indueuceu, it is impoasible to say ; but it is certain that, in IH*^, uhielly through tbe 
ititluouco of Mr. Croker, its diHSoUition was determined upon and carried by act of 
Parliament without any opposition being atti^uipt«d. Instead, however, of an enlarged 
bourd, with increased poweia, three scientiScauvisersof the admiralty were appointed, 
of whom Dr. Voung was one, retaining the snperinteudencH of tbe Nunticul Almanac — 

"-— which baa l>een siuce rcmodisled, iu accordance wilh the muortof a couiiuitte« 

1 out of the Astronomical Society. 
r. Young appears all along to have been affected only by the personal acrimony of 
Boiiie of the attacks npon himaelf in relation to the editorship of the Nantical Almanac, 
and not at all by any feeling for tbe Board of Longitude, as Arago would rL'gard it. 
Tliat board, as atrewly obaerveil, was divided against itself, and it the^efo^<^ &11. It 
v/aa never upheld on the only right gronnd. Neither tbe board not the friends of 
science suffiriently urged the strong and irresistible claims which they might have 
preferred to the government of tbe country, that "a council of science," with extended 
poweia, properly sclocted and adequately remunerated, would be the ai)iiropriat« ad- 
jnnct of the eovemment of a country all whose resources are so powerfully developed 
III exclusive dependence on the applications of science. 

Tbo govemraent would thus nave boil tlie means of sound scientific advice con- 
stantly at bond, of which experience proves they are in daily want on every emer- 
gency, and which they obtain by asking tbe gratuitous scrvicee of men of science, and 
tbe Crown would hove pnssiwwd the means of making a graceful ackuowlcdgmeiit of 
tbo services, and paying a just trtbuto to tbe genius of men devoted to tbe higher 
branches of the abstract scieuccs, which are of a nature incapable of themselves of 
affording any kind of remuneration, or, in the ordinary course, leading to any of those 
honors or preferments which await eminence in other proleaaioua. — Translator. 

The reader may be referred, for details of the questions hero considered, tu the fol- 
lowing documents: 

1. "Astronomical Tables and Bemarks for IB22 ; puUisbeii December, 1821," by F. 
Baily, eeq.. with *' Remarks on the present defective state of tbe Nautical Almanac." 

3. A reply to these remarks appeared iu Mr. Urandu's Quarterly Journal of Science, 
April, IB-ii. (Attributed to Dr. Young.) 

3. Practical observations on the Nautical Almanac, &,c., by James South, F. R. 8., 

leas, 

4. Reply to a Iett«r in the Homing Chronicle relative to tbe government aud astro- 
nomical science, &c., by the same. ISiS). 

5. Refutation of misstatements, Jlc, in a paper presentnl to the admiralty by Dr. T. 
Young, and printed by or<ler of the House of Commons, by tbe same. 1H29. 

6. Further remarks on the present defective state of tbe Nantical Almanac, Jtc., by 
F. Baily, esq., F. K. S., &c. I*i9. 

T. Bejmrt of tbe committee of the Astronomical Society relative to the improvement 
of the Nantical Almanac, adopted by the couucil of the society, and approve<l and 
onterod to be carrieil into eflect by the lords com mission era of tbe admiralty, la30. 
(Memoirs of the Astronomical Society, vol. iv, p. 447.) 

8. A motion wns made in the Uouso of Cuinmnns Febniary 2.1, 1829, for certain 
returns respecting tbe BonnI of Lonfptude and tbe Nautical Aluiunac, &.e. Tbe re- 
turns were made and printed, consistmg of: 1. A memorandum of a statement made 
lo the chancellor of tbe exchequer for reforming the Nautical Almanac ami estab- 
lishment of a new Board of Lougitude. '2. A paper read at the board by J. Herschel, 
esq. 3. A report on a memorandum, &c., by Thomas Young, M. D. In tbo lost, Dr. 
Young makesauswer to what be considers objections raised iu the "Memorandum," and 
also replies to those uf Mr. Baily aud Mr. South. Sir J. Sonlh's pamphlet contains 
the Uemurandum, tbe objections raised or inferred by Dr. Youug, his replies to them ; 
all which are severely criticised. At page 6U is n curious account of some diacnaaioDS 
at Sir H. Davy's toiret, between Sir J. South and Dr. Young. 
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of interferences. Youug ia now placed before your eyea ns one of the 
most illustrioas men of science, in whom England may justly take pride. 
Your tboughts, anticipating my words, may perhaps perceive already, 
in tlie recital of the just honors shown to the author of so beaatiful a 
discovery, the peroration of this historical notice. These anticipations, 
I regret to say, will not be realized. The death of Young has in his own 
country created very little sensation. The doors of Westminster' Ab- 
bey, so easily accessible to titled mediocrity, remained shut upon a man 
of genius, who was not even a baronet. It waa in the village of Fam- 
borough, in the modest tomb of the family of his wife, that the remains of 
Thomas Young were deposited. The iudiEfereuce of the English nation 
for those scientific labors which ought to add so much to its glory is a rare 
anomaly, of which it would he curious to trace the causes. I should be 
wanting in frankness, I should be the panegyrist, not the historian, if I 
did not avow that, in general, Yuuug did not suHicieutly accommodate 
himself to the capacity of his readers; that the greater part of the writ- 
ings for which the sciences are indebted to him are justly chargeable 
with a certain obscurity. But the ueglc^^t to which they were long con- 
signed did not deiiend solely on this cause. 

The exact sciences have an advantage over the works of art or imagi- 
nation which has often been pointed out. The truths of which they 
consist remain constant through ages without suffering in any respect 
frem the caprices of fashion or the decline of taste; but thus, when 
once these researches rise into more elevated regions of thought, on bow 
many competent judges of their merits can we reckon f When Itichelien 
let loose against the great Corneille a crowd of that class of men whom 
envy of the merit of others renders furious, the Parisians vehemently 
hissed the partisans of the despot cardinal, and applauded the poet. 
This reparation is denied to the geometer, the astronomer, or the pliysi- 
cist who cultivates the highest parts of science. Those wlio even com- 
petently appreciate them throughout the whole extent of Europe never 
rise above the number of eight or ten. Imagine these unjust, indiflfereut, 
or even jealous, (for 1 suppose that may sometimes be the case,) and the 
public, reduced to believe on hearsay, would be ignorant that D'Alem- 
bert had connectetl the great phenomenon of precession of eqninoses 
with the principle of universal gravitation; that Lagrange had arrivetl 
at the discovery of the physical cause of the librution of the moon; 
that since the researches of Laplace, the acceleration of the motion ot 
that lumiuary is found to be connected with a particular change in the 
form of the earth's orbit, &c. The journals of science, when they are 
edited by men of recognized merit, thus acquire, on certain subjects, 
an influence which sometimes becomes fatal. It. is thus, I conceive, that 
we may describe the influence which the Edinburgh Keview has some- 
times exercised. Among the contributors to that celebrated journal at 
itscommencemeDt, a young writer was eminently distinguished, in whom 
the discoveries ot Kewton had inspired an ardent admiration. This 
sentiment, so natural, so legitimate, unfortunately led him to miscon- 
ceive the plausible, ingenious, and fertile character of the doctrine ot 
interferences. The author of this theory had not, i)erhaps, always taken 
care to clothe his decisions, his statements, his critiques, with those 
more polished forms of expression the claims of which ought never to 

• Tba frequeoti^rs of Poet's Comer new! not lie romitnlod that literature aud Bcieiico 
are not excluded from their Nbare of fiiutTcal hnnorB iu WuHtuiinstcr Abbey. M. Arago 
here, as in some other posaagrH, luny naliirully be a littlv incorrect in referring to 
national nsujjes. The delay whii^li occurred in regard to Young's monnment in, how- 
ever, not fully explained by Dean Peacock. (SooLifo of Youd "" ' "*■ 
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be neglected, aud which, moreover, became a mutter of imperative dut^ 
wbeu the question referred to the immortal author of the Natural Phi- 
losophy,' (the Principia f) The penalty of retaliation was applied to him 

' It se«n)B iapoaaible to malto l.liia senteiico iutulligible, unless we Bnppot<o thu " im- 
mnrt al antbor '^spoken of to lie Newton, and by conseiiiience tlint the titlo Natural Philot- 
npin was a slip of tho writer's pen for PWncfpio. Yet tbe snpposition that Ibo hostility 
of tbe Edinburgh lleview nas at all cullnd forth by any wantof coiirtoRy tonard New- 
Inn ill the writings of Yonnf; is wholly unsupported by anything in Yonng's papers, 
in wbicb he cites the views of Newton with the greatest respect. — TRiKStATOR. 

AVicton'a &upport o/lhe emienon Ikeorn 0/ tit/lit. — The aulhority of names ean ubvct be 
of any avail to tbe trnly inductive philosopher ; his motto is emphatically "ntiilin* in 
nrba." But there has been always a, propensity among writers on the subject to dwell 
•in such anthority, and to array great names on either side of any of those controverted 
points ivLich have divided tbe scieutiSc worid. Perhaps, where the question is purely 
one of opinion, and refers Bimply (o hypotheses upheld for what they are worth as 
such, the weight of a tinme tnay not be nnworthy of due estimation : great experienco 
and high genius may add value to a pure hi/polieeis, though it could not to a positive 
rancltuiom. In regard to theories of light this bos been conspicuooely exemplified, and 
during a long continuance of controveisial diBcnssion it has l>een a matter of triumph 
111 the opponents of the undnlatory theory that tho authority of Newton is on their 
tide. And even Arago, as well as some otbrr snnporters of it, have npoken as if regret- 
ting that they were thus constrained to pnt tnemseives in antagiinism to Newton. 
They have pictured two rival theories, the one headed by Newl^m and supported by 
Laplace, Biot, Brewster, and Poller; tho other upheld in opposition to thetu by Huy- 
gTif.nH, Hooke, Enter, Freenel, Young, Airy, and all tbe Cambridge school. 

But a very slight inquiry into the real facts entirely dispels this view of the case. In 
partionlor, Dr. Young himself, in proposing bis iheory, so far from opposing the Newto- 
nian views, expressly endeavors to conciliate attention by claiming the weight of New- 
Ion's authority on hi» oicn nide; thiin, in bis paper "On the theory of light and colon," 
(Phil, Trans., 1801,) he commences by bij-hly extolling tbe optical researches of Kew- 
t«n, and then observes, "Those who are attached, as they may be, with the greatest 
justice, to every doctrine which is stamped with the Newtonian approbation, will proba- 
bly be disposed to beetow on these considerations (i. c, bis own views) so much the 
more of their attention as they shall appear to coincide more nearly with New'ton'a 
opinion." He then proceeds to eiamiue in detail a number of passages from Newton's 
writings, in which the theory of waves is distinctly upheld and oven applied with some 
precision to the explanation of varioiu phenomena of light, illuetrated by their uiolo- 
giCB to tlioae of sound. 

It is periectly true that Newton, in the actual investigation of eoveral phenomena of 
light, adopts other hypotheses than those of waves, and chiefly the idea of light 
(whatever may be its nature) being subject to certain attractions and re]iulBions, to 
certain bondings when approaching near the edges of solid bodies, to certain pecnliar 
moditicalious or changes m its nature recurring periodically at certain minute inter- 
vals along tbe len^h of a ray, to the idea of a ray having " sides " endueil with dif- 
ferent properties; in a wonl, a variety of conceptions wbich be introduces for the pnr. 
pose or giving some kind of imaginary phjHicul representation of the modiu operandi in 
each of the several carious experimental cases which he had examined. In all these 
there is no unity or community of principle ; there is at least nothing like the spirit of 
theory, no continual recurrence to one leading idea, no perpetual appeal to any one 

t principle, however imaginary, but an attom^t in each isolated case to frame something 
ike an isolated hypothosii to suit it, and lu some way to repre«ent its phenomena, 
though witboot any attempt to connect them with tbe othera. It may perhaps be said 
that all these various suppositions agree in siippoidng light to be material, to be some- 
ibing emitted from tbe luminous source. But on a cluscr examination it seems far 
fVom certain that even this can be maintained. Tbe only part of these investigations, 
tierbaps, in which anything very positive of this kind is distinctly introduced, is when 
Newton invcstiKatee tbe laws of refraction on the express snpposition of small mole- 
cules attracted by tbe molecules of the medium. But in this instance it has l>een trnly 
otnterved that, at tbe time when Newton wrote, no mathematical metbod existed by 
wbich this kind of action conld bo reduced to calculation, except those involving tbe 
action of attractive force. To give, then, n mathematical theory of ordinary reflection 
and refraction, he was necosHitated to make use of this method. When he came to in- 
vestigate those more recondite phenomeno which he (very appropriately to their ap- 
parent nstiiTc) called " ioQectiun," tbo idea most naturally and obviously prtwented was, 
that some power or influence, analogue to attraction and repulsion, existing in the 
edge of an opaijue body to bend out ol their course rays passing very roar it, and this 
might seem to impl^ tite materiality of those rays. A kind of af/emattiij/ action of this 
sort, which he imaKined ncceeaary to account for a part of the efiect, would, however, 
hardly be reconcilBl>le to the idea of direct emission. It would bo a difficult matter 
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with interest; the Edinbargh Review attacked the man of ernditioD, 
the writer, the geometer, the experimeDter, with a vehemence, with a 
severity ot expression, almost withont example in Bcientific discassion. 
The public usually keep on their guard when sucli violeDt language is 
addressed to them ; but in this instance they adopted, at the first onset, 
the opiuions of the journalist, in which we cannot fairly accuse them of iu- 
considcrateness. The journalist, in fact, was not one of those unfledged 
critics whose mission is not jnstitled by any previous study of tbe sub- 
ject. Several good papers, received by the Boyal Society, had attested 
his matliematical knowledge, and bad assigned bim a distinguished 
place among the physicists to whom optical science was indebted; the 
profession of tbe bar in London had acknowledged bim one of its shin- 
ing luminaries; the whig section of the House of Commons saw in bim 
an efScient orator, who, in parliamentary struggles, was often the happy 
antagonist of Canning. This was the future president of tbe House of 
Peers — the present lord chancellor,* How conld opposition be offered 
to anjnst criticisms proceeding from so high a qaarterl I am not igno- 
rant what firmness some minds enjoy in the consciousness of their being 
in the right, in the certainty that sooner or later truth will triumpb; 
bat I know, also, that we shall act wisely in not reckoning too mnch on 
such exceptions. Listen, for example, to Galileo himself, repeating in 
a whisper, after his abjuration, "£ pur si muove!" laitX do not seek in 
these immortal words an angnry for the future, for they are but the ex- 
pression of the cmel vexation which the illustrious old man experienced. 
Toung, also, in writing a few pages which he published as an answer to 
tbe Edinburgh Seview, showed himself deeply discouraged. The 
vivacity, tbe vehemence of bia expressions, ill concealed the sentiment 
which oppressed bim. In a word, let us hasten to say that jnstice, com- 
plete justice, was at length rendered to the great physicist. After sev- 
eral years the whole world recognized in bim one of the brightest lumi- 

to conceive porticleB darted through space vith each iDcoDceiv&ble velocity as mnst 
ImIod); to those of light, and yet atopiiin^ to vave about, in and out, as Nenton ex- 

SreascH it, " like an eel," close to the edge of a body, by virtue of some mysterious ia- 
nence which it exercises upon them. 

Again: the theory of those alternating stat^B, conditions, or "fits," as he termed 
them, at euch minute intervals atongthe wnt^hof ray, alternately putting it inastatfl 
to be rBtlect4!d, and ngnin to be transmitted by a transparent medium, seem very remot« 
trom the idea of a fiiiigle rectilinear progress of molecules tbtougb space following one 
another at immense intervuU of distance, though in inconceivably rapid succession in 
time. It would l>e easy to exteod encli remarks; but it will probably be seen, with 
sufficient evidence for our prestint purpose, that neither in profeesion nor in fact can 
Newton's name be itppcaled to as at all au eiclusive Bujiporter of the niatxriat hypoth- 
esis of light, even if in otJier passages he had not distiticilj referred to that of undu- 
lations; and of these references a large number are quoted from diflcrciit THirtioiis of 
his nritipgs by Dr. Young in the paper above cited. In some of these, while he ad- 
mits the readiness witli which the idea of waves rcpreeente tbe pbeuomena, he jet 
dwells on certain apparent objections which seemed to invalidate tliat idea. 

Upon the whole, it ap|>ears that the name of Newton can in no way be legitimately 
claimed as n partisan of either theory. Indeed, it is anrprising that auy claim of the 
kind could have been set up as regimis the emission theory, after his un n distinct 
OTownl : 

', that from theory I argue the corporeity of light ; but I do it without any 



nbmlute positivenees, as tbe word ' perhaps ' intimates ; and make it ut most but a verv 
plansibte consequence of the doctrine, and not a fundament-al supposition, nor so much 
as an^ part of it."— (Phil. Trans., vol. x, 1675, p. 5086.) 

While in respect to either hypotbesis, it is auEQcieutlT evident to those acquainted 
with his writings that he never isitemalicaUs upheld either the one or the other; but 
from time to time, as each particular investigation seeraod to require, he adopted the 
one or the other principle, just as it seemed to give the more rend; explanation of the 
point before him.— Tkanblator. • t 

' Lord BroDghtun, who held that office when this biography woa wiitl6i>C)Q Ic 
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naries of the age. It is from France (and Tonng took pleasure in him- 
self proclaiming it) that the iirst sign of this tardy reparation showed 
itself. I will add that, at an epoch considerably before the doctrine of in- 
terferences had made converts either in England or on the Continent, 
Young found within his own family ciicle one who comprehended it, 
and whose assent to it might well console him for the neglect of the 
piibhc. The distinguished person whom I here point oat to the notice 
of the physicists of Enrope will excuse me if I complete chia indiscre- 
tion by stating the circnmstances. In the year 1816 I made a tonr in 
England with my scientific fiiefld, M. Gay-Lussac. Fresnel liad just 
then entered on his scientific career in the most brilliant manner by the 
publication of his memoir on OifEraction. This work, which, in onr opin- 
ion, contained a capital experiment irreconcilable with the Newtonian 
theory of light, became naturally the first subject of our discussion with 
I>r. Young. We were astonished at the numerous qualifications which 
be put upon our praises of it, until at length he stated to us that the very 
experiment which we so much commended had been published, so long 
since as 1807, in his treatise on Natural Philosophy. This assertion did 
not seem to us well founded. It caused a long and minute discussion. 
Mrs. Young was present, without appearing to take any part in the con- 
versation ; but we imaginexl that the weak fear of being designated by 
the ridiculous sobriquet of baa-bleu rendered the ladies of England very 
reserved in the presence of foreigners, and our want of discernment did 
not strike us till the moment when Mrs. Young quickly quitted her place; 
we then began to attempt excuses to her husband, until we saw her re- 
enter the room carrying under her arm a large quarto volume. This 
waa the ilrst volume of the Natural Philosophy. She placed it on the 
table, and without saying a word opened it at page 787, and pointed with 
her finger to a diagram in which the curvilinear route of the diffracted 
bands, on which the discussion turned, was theoretically established. 

I trust I shall be pardoned these little details. Too numerous exam- 
ples may almost have habituated the public to consider destitution, in- 
justice, persecution, and misery as the natural wages of those who devote 
their vigils to the development of the human mind. Let us not, then, 
forget to point out the exceptions whenever they present themselves. 
If we wish that youth should give itself up with ardor to intellectual 
labors, let us show them that the glory attached to great discoveries 
allies itself, sometimes at least, with some degree of tranquillity and 
happiness. Let us even withdraw, if it be possible, from the history of 
science so many pages which tarnish its glorj'. Let us try to persuade 
ourselves that in the dungeons of the inquisitors a friendly voice ba<l 
caused Galileo to hear some of the delightful expressions which iH>sterity 
has kept sacred for his memory; that behind the thick walls of the 
Bastile, Freret might yet have leiimed from the world of science the 
glorious rank which it had reserved for him among the men of erudition, 
whom France honors; that before going to die in a hospital, Borelli 
had found sometimes iu the city of Gome a shelter against the inclem- 
ency of the atmosphere, and a little straw on which to lay his head; 
and, lastly, that the great Kepler had not experienced the sufierings of 
hunger. 

Note by toe Author. — The jounials having done me the honor to 
mention sometimes the numerous testimonies of good-will and friend- 
ship which Lord Brougham had shown me iu 1834, as well in Scotland 
as in Paris, a word or two of exitlanation here seems indisjiensable. 
The dloge of Dr. Young was read at a public sitting of the Academy of 
Sciences, November 26, 1832, At this period I had never had any per- 
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80Dal acqnaiiitaiicD with the writer in the Ediuburgh Beview, and thas 
all charge of ingratitnde Jiiust fall to the ground. But could joa not, 
some might perhaps say, have suppressed eutirely, wlieu your paper was 
going to the press, all that related to so unfortunate a controversy 1 I 
could have done so, and in fact the idea had occurred to me; but I soon 
renounced it. I know too well the elevated feelings of my illustrious 
friend to fear that ho will take offense at my frankness in regard to 
a question on which 1 have profound conviction that the great extent ot 
his genius has not preserved him from error. The homage which I 
render to the noble cliaracter of Lord Brougham, in now publishing this 
passage of the 4U>ge of Young without any modification, is, in my mind, 
sufficiently significant to render it needless to add a word more. 
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MEMOIR OF AUGUSTE BRAVAIS* 



Br M. £lib De Beaiihont, 
Perpettial 3«rttarg of the Fraidt Aeadeatu qf 



ITraiulaled for tltc 8mltkMiita» liutilultmhjf C. A. AlexaHder.} 

One of the highest gifts of the hnmaii intellect is to lift itself to the 
cootetnplation of the future ; to enjoy in advance the benefits vbich it 
prepares for the after-races of mankind ; to feel itself already recom- 
pensed for long and latwrious efforts by the thought that a measure of 
glory will, some day^ encircle a name which ia still unknown. 

It is your noble pnvilege, members of the Academy, to pay this tribute 
of the fntnre ; to discharge by anticipation the debt bequeathed to 
posterity, especially in the case of those whom an untimely death has 
precluded from the enjoyment of their success; and when a savant, 
prematurely snatcbeil away Ihim bis studies, leaves works as yet but 
little known, though well worthy of being so, works deprived of the 
brilliant retinue with which he would in good time have surrounded 
tbem, these are orphans the guardianship of which peculiarly belongs 
to yon. Such are the motives which have determined your administra- 
tive committee to call your attention to-day to a colleague who, struck 
down in your ranks almost at the moment when be had just entered 
them, will leave in several branches of the sciences ineffaceable traces 
through the labors by which be had earned your suffrages, 

Auguste Bravais was bom August 23, 1811, at Anuonay, in the de- 
partment of Ard^he. His paternal family sprang from the neighboring 
town of Saint-Peray, where it had enjoyed for several centuries the con- 
sideration and esteem which hare, in aU ages, been associated with long 
traditions of honor and loyalty. His father, bom in 17fti, had completed 
his scientific studies at Montpellier, where be bad been prcparator for 
the chemical courses of Chaptal, and had received the degree of doctor 
of medicine in 1790. Devoted to natnral history, be had successively 
solicited permission to take part in the two expeditions sent in 1791 and 
1792 in search of La P^rouse, but had been stopped by different obsta- 
cles, and finally by the opposition of his fomily, alarmed at the first 
symptoms of the Kevolution, by which, like so many others, it was se- 
verely tried. When tranquillity reappeared Dr. Bravais established 
himself at Aimonay, a small town picturesquely situated at the entrance 
of one of the gorges of the Vivarais, known for its manufactures of 
paper and for having been the country of the celebrated Montgolfier. 
Hero he was soon recognized as an excellent practitioner, and for forty 
years exercised gratuitously the functions of physician of the bosjiital. 
With his devotion to the sick and to the welfare of his fellow-citizens 
was always allied in Dr. Bravais an enthusiastic love of botany. He 
Dodertook a flora of the Cevenues and Alps, and maintained a constant 
correspondence and commerce of exchanges with the most distinguished 
botaniste of Paris and Montpellier. It was in this way that be received 
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one day the seeds of the Baklia, a plant then new to Europe, and to him 
is due the introdaction of that ttoe flower into the center of France. 

Dr. Bravais had become one of the most considerable men of Anno- 
nay, when he espoused, early in the century, an estimable member of 
the ancient and noble family of Thom^, which had given counsellors to 
the parliaments of Paris and Grenoble nnd a lieutenant general to the 
armies of the King. A few years saw him surrounded with a family of 
four sons and a daughter, of whom the youngest of the sons was our 
future colleague, Auguste Bravais. Their mother died shortly aft^r the 
birth of her daughter, and neither she nor the little August* could re- 
member having seen her. Feeling the approach of death, the thoughts 
of Madame Bravais dwelt chiefly on her children, and having long re- 
marked the piety and pure sentiments of one of the female members of 
her honschold, she drew from this person a promise not to quit them. 
Kever was confidence better bestowed. The excellent creature remained 
forty years in the house, and from her the two infants yet in the cradle 
received, with the maternal care demanded by their age, those first im- 
pressions of childhood which are never effaced. The rapid development 
oftheir intelligence reflected honor on hers. At the age of three years 
Auguste could read, without its being well known how he had learned 
to do so, and there was for him no greater enjoyment than to gather with 
his sister the flowers, the pebbles, the insects of brilliant colors, which 
attractfid notice in their rambles; these were the toys of their childish 
years. 

They were soon capable of following the excursions of their elder 
brothers, whom they liad seen bringing back every day objects which 
stimulated their curiosity. When his occupations permitted, I>r. Bra- 
.vnis himself conducted these explorations. It was a touching tableau, 
that of this young family herborizing, classifying plants, insects, min- 
erals, under the eye and direction of its head, at once father and pro- 
fessor, whose soul, profoundly religious, habitually lifted that of the 
youthful naturalists to the Author of creation. Hi»miud, at once iipute 
and playful^ was well qualified to render attractive the explanations sug- 
gested to him by the collections of the day, with which he frequently 
mingled classic citations suited to stimulate bischildi-en in their studies ; 
for it was his good fortune to have himself received, among the Orato- 
rians, a solid instruction which contributed to the happiness of his life 
and Anally conferred consolation on his honored and serene old ago. 

Tlie memory of this man of worth is still held iu veneration at An- 
nouay, where more than one of its workmen may even now be seen in- 
stinctively to raise his hat on passing before his uninhabited mansion. 
His children, while following their different tendencies, preserved the 
impressions of their flrst education. Augusts manifested in good sea- 
son a turn for observation, and a d6cid<S inclination for indulging it. 
When yet a child, he was attentive to atmospheric phenomeniu He 
might have been seen descending of a morning to the terrace, there to 
observe the sky, the wind, the clouds. Still laterj when become a little 
more learned, he would establish of an evening his observatorj' on the 
balcony, and i>oint out to the assembled family a thousand phenomena 
which without him would have passed unperceivcd, the effects of cer 
tain rays of the setting sun ; the moon with the accidents of light which 
environ it ; the rainbows, the hatoa, in which he knew not as yet that he 
should one day find a title to celebrity. 

The paternal residence had for its horizon a mountain of moderate 
height, yet sufficient to serve, as we say, for a barometer. It is called 
the Boche de Vent. The clouds heaped themselves around it, the snow 
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left its traces, mists sometimes visited it It played bo indifferent pan 
in this childish existence. Conducted thither by Ma father and broth- 
ers, it became the point to which hia yet narrow observations and ex- 
peditions were directed; though it required fonr or five houra to ascend 
and return. His ambition, however, soared much higher when be sav: 
his brothers return from the PUat, a mountain well known to natnmlists, 
bringing thence new flowers, unknown insects, and heard them describe 
the splendors of the snn rising behind Mont Blanc. Ho was uot ten 
years old, and five or six hours were necessary to reach the summit. 
Yet, having well pondered his ]»lan3, he departs alone one morning, deter- 
mined that he also wonld sleep on tlie mountain top, and collect its 
plants, its stones, its insects. His absence escited little inquietude at 
Itome, for the sagacity with which he was accustomed to explore the 
complicated recesses of the mountains of tbe Vivaniis was well known ; 
and, in fact, he retutned safely the next morning with the objects 
which he had coveted^ having drunk at the source of the Gier and seen 
the sun rise behind Mont Blanc, throwing into magnificent i)erspective 
the long chain of the Alps. Here we see the embrj'o adventurer des- 
tined one day to climb the perilous heights of Mont Blanc itself. 

Habits of meditation early announi^ the aptness which be was to 
exert at a later period in the advancement of science. Those who fre- 
quented the paternal mansion remember having often met a child 
apparently absorbed in profound reflection, and who, to the inquiries 
which he excited, would naively answer : / am tkinkinff. And, indeed, 
BO active and fruitful was this habit of thought that at the age of four- 
teen he had completed all the classical and literary courses of tlio Col- 
lege of Annonay. His father now thought proper to send bim to Paris, 
that he might devote a year to rhetoric and another to philosophy in 
the College of Stanislas. The young Auguste carried thither habits of 
obedience and modesty which did uot prevent bim to be an indocile 
pupil. He pursued with the utmost exactness the prescribed studies, 
and succeeded in acquiring that pure, clear, and precise style which 
is the usual indes of a good education ; but he did not evince for classi- 
cal studies the ardor for which the premiums at the end of the year »ru 
reserved. His predilections were directed elsewhere. Some books, 
hidden at the bottom of bis trunk, had escaped notice. These w<':e 
worics on mathematia ; and these he found means of studying at night. 
He solved problems and wrote letters full of intelligence to M. Keynand, 
the modest and learned professor of the College of Annonay, who had 
already given him lessons in aritlimetic and geometry. 

On his return from Paris he was again placed an(l.;r the charge of If, 
Beynaud, of whom he bad become rather the friend than pupil, and ns he 
had been destined by his father for the Polytechnic School, a certain in- 
sight into all that is required for admission was afforded bim by the 
professor in the course of a single year. In 1828, therefore, he ventured 
to present himself at Nlsmes for examination ; but his prepar:ition had 
been too rapid, and he was not received. Happily for bimself and for 
science, the boundaries of which it was his fortune afterwards to exteu<l, 
he had fallen into the hands of a discriminative examiner, M. Bourdon, 
who, while verifying the insufiBciency of his studies, recognized the 
aptitude of his genius. This excellent man, to whom many among us 
besides owe a debt of gratitude, reflected on the future of this youtliful 
candidate whom he was obliged to reject, and, with the ingenuous oar- 
neatness which ho more than once displayed in behalf of students of 
whom he augured favorably, pleaded with the father of Augusts, and 
Bucceeded in persuading him that the career of the unsuccessful appli- 
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cant still lay in the polyteclinic line. After thia Dr. Bravais no longez 
hesitated, but sent his son anew to Paris, where he was placed in tlie 
institutiou of M. Barbet, then distinguished as one of the best sem- 
inaries of preparation for the Polytechnic School. 

Auguste BravaiB pursued at the College of St. Louis, under M. Delille. 
tiie course of special mathematics. At the end of the year he obtained 
at the general competition the first prize of mathematics, and was re- 
ceived at the Polytechnic School as number two of the list. On pass- 
ing intt. the first division, after a year's study, he was classed as first, 
and at his exit made choice, with his father's approbation, of the marine 
service. The seat How many opportunities did that name suggest of 
seeing distant shores, of studying nature in its different aspects, and of 
continuing, with enlarged knowledge, the studies which had formed the 
delight of a happy childhood. 

He embarked in January, 1832, on board the Finistfere, which then navi- 
gatefl the waters of the Mediterranean ; but he soon passed to the brig 
Loiret, commanded by M, B^rard, whom we have since counted among 
the correspondents of our section of geography, and who was at that 
time charged with the exploration of tlio coasts of Algeria. The Loiret, 
on board of which was also M. De Te8san,hydi'ographicaI engineer, and 
now our colleague, was employed two summers in making the coast sur- 
vey of oar African possessions, and the work was completed when the 
vessel re-entered the port of Toulon, October 25, 1833. The minister of 
marine, with a sagacity which does honor to his memory, had composed 
of fntnre academicians the official staff of a vessel charged with a scien- 
tific mission, and the commander, M. B^rard, in his excellent work, De- 
scriptioa Nautiqae des Cotes de FAlg^rie, took occasion to convey to his 
assistants, and expressly to M, Bravais, his warm acknowledgments of 
the important share which they had borne in the common labor. 

The Loiret was next employed in maintaining the communications be- 
tween Algiers, Bona, and Gran, being armed on account of the hostile 
disposition of the inhabitants of the shores. In these incessant passages 
from one extremity of the Algerine coast to the other, it was necessary 
to make many different ports, and M. Bravais, who had been named lieu- 
tenant in 1834, lost none of these invaluable opportunities of satisfying 
his passion for natural historj'. A flora and fauna, different flrom those 
of the Cevennes, offered a multitude of objects calculated to pique his 
curiosity. Magnificent collections of plants, insects, Crustacea, fish, ter- 
restrial or marine mollnsks, rewarded his activity. Of these he made 
frequent remittances to Annonay, ajid sometimes carried thither in per- 
son the ftiiits of his researches, for, since leaving the Polytechnic School, 
he invariably passed there all the vacations and furloughs he could ob- 
tain. On these occasions of a return to his native place, he never failed 
to revisit his dear mountains, Pilat and Roche do Vent, and resumed, 
though on a wider scale, the walks and herborizations which had formed 
of old the happiness of the Bravais family. Knapsack on his back, tho 
young mariner then made long excursions, accompanied by his brother 
nearest in age to himself, the Abl>6 Camille Bravais, now professor of 
natural history at the College of Annonay, and keeper of the museum 
of that city, composed in great part of bis own gifts and those of his 
family. 

But it was with his eldest brother, Dr. Louis Bravais, that our Aiture 
colleague devoted himself to the more profound investigations of botany. 
At the beginning of the year 1835, the two brothers united in present- 
ing to the Academy a memoir entitled : Esaai g4om4trique aur la symi- 
trie des feuilles curvis^ri4es et rcclisSrieea, (Geometrical essay on cur- 
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viserinl and rectiserial leaves.) This memoir had nothing in common 
with the ordinary labors of botany relating to the description of species, 
or to botanical geography. As little was it a memoir on vegetable phy- 
siology in the usual acceptation of the word. It was a work of a wholly 
speeiiU and original character on the relations of symmetry, presented 
by the insertions, at different points of the stem, of the leaves and or- 
gans which spring from it. This subject, although MM. Bravaia had no 
knowledge of the fact, had shortly before been the subject of a memoir 
published by two distinguished botanists, MM. Schimper and Alexander 
Braun, who had pointed out its importance, and had arrived at some 
very curious results. M, Adolph Bronguiart, however, in the report 
which he made to the Academy in 1837, pronounced that MM, Louis 
and Anguste Bravais had brought more precision to the stndy of the 
uumerous facts which they had collected than had been before exem- 
plified. The subject, moreover, could not be completely elucidated 
without a profound knowledge of the helix and of the difl'erent spirals 
in which the insertions of the leaves are aligned with bo remarkable a 
regidarity, and without a singular dexterity in the management of con- 
tinuons fractions, recurrent series, and other mathematical combinations 
of a delicate nature. M. Anguste Bravais had employed them, with the 
elegant simplicity which is always the stamp of an accomplished mathe- 
matician, for expressing the relations of position of the leaves with one 
another, and for arriving in a clear and precise manner at consequences 
which could not otherwise be obtained except by long and tedious ten- 
tatives. These deductions have brought to lightj in a degree but little 
snspected by many, a regularity of arrangement in the organs of vege- 
tables, which, without being precisely analogous to the laws of crystal- 
lography, is'equally aa precise and admirable. 

The brothers still further drew up in common different memoirs on 
botany, and it was not at Paris oidy that their labors obtained a de- 
served success. They equally attracted the attention of botnnists in 
other parts of Europe, and M. De CandoUe dedicated to the two authors, 
under the name of Bravaisia, a new species of the family of the Bignon- 
laecEe. The objects of natural history which M. Anguste Bravais seut 
from Algeria were also highly appreciated. In 1835 he found on the 
Island of Rachgonn a serpent which was new to him, the AmphUbana 
(nnerea, and which he transmitted to M. De Blainville, who testified his 
surprise at the occurrence of such an animal in that country. Other 
remittances of seeds and living plants, collected in the province of Oran, 
earned for him letters of thanks from the administration of the Museum 
of Paris, and warm encouragements to complete the herbal of Desfon- 
taines, and to continue his researches in botany during the voyages it 
was hoped he would undertake to other regions. 

The ardor of the young ofQcer was so much increased by this success 
as sometimes to make him forget that be was no longer in the peace- 
able mountains of the Ardfeche or of Danphiny; it drew upon him, on 
several occasions, the kindly reproaches of his superiors for rashness. 
But these reproaches were changed into felicitations when, August 12, 
1836, at the head of thirty-seven marines, he extricated the command- 
ant and surgeon of the Loiret, surrounded, during a hunting excursion, 
by the troops of the Emir. 

Unluckily, he did not arrive in time to rescue another officer, whom 
the Arabs had already carried off. But from the point where he then 
stood M. De France had witnessed the combat, which he describes in his 
interesting account of the prisoners of Abd-el-Kader. " I will not con- 
clnde," he says, " without speaking of the bravery, the coolness, and-' 
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address of my coUeagae, M. Brarais, lieateDant of tbe firigate. Thisi 
counigeous friend commanded the sailors who flew to our succor ; be 
disposed liU troop so skillfully, sud fell so rigorously on the eDemy, 
that he forced them to fly precipitately, and, if conduct and intrepidity 
could have saved me, nndouhtedly the conduct and intrepidity of M. 
liniviiis would have secured my release." 

The commandant, being wounded in the arm, could not writ«, and as 
t!ie tirst lieutenant was prisoner, tbe duty of making the report upon 
tin: Ught, in which two sailors bad been slain, devolved on M. Bravais. 
lu drawing up this paqer he avoided, as far as possible, under tbe im- 
l>ulsc of his habitual modesty, all mention of himself; hence, while tbe 
minister of marine bestowed praise upon the Loiret, the author of tbe 
report received no decoration, as all around bim would have wished. 
Yet, in the eyes of those who knew all the <letails of tbe afiair, the un- 
designed omission of the minister reflected more honor on tbe young 
oflicer than the star itself of tbe order would have conferred. Ho re- 
ceived that distinction, however, on another occasion, and for services 
of a wholly dift'erent character. 

Nature had largely endowed M. Bravais. With the brilliant ofBcer 
and zealous naturalist there was united in him, according to the es.- 
liressioQ of M. Cauchy, assuredly a competent judge in such matters, 
the true geometer. The former student of the College of Stanislas, who, 
in i>ursuing his course of rhetoric and phUosophy, passed the night in 
studying books of t-!atbcmatics, had resumed, on board the Loiret, anal- 
ogous habits. With the consent of the superior officers, by whom he 
was rightly appreciated, bis comrades, themselves highly distingnished, 
though with a different turn of mind, replaced him on tbe quiirterdeck 
when his watch recurred, and M. Bravais shut himself up in bis cabin, 
where he spent tbe night in executing his calculations, or iu solving 
such problems as presented themselves. It was thus that be made tho 
cnlcuiatioDs necessary for tbe reduction of the hydrographic projection 
of tbe coasts of Algeria; and thus, Ukewise, that he composed the math- 
ematical part of the botanical memoir which be published with liis 
brother. Thns, too, a career was eventually opened to bim of a special 
nature, and such as appealed most directly to his natural proclivities. 

Among other mathematical labors which M. Bravais had executed on 
board the Loiret, he had composed two memoirs, one on the Methods 
etnplot/ed in taking bearings under sail, and the other on the Equilibrium 
of floating bodies. Having obtained leave of absence from the minister 
of marine, he formed l^m these memoirs two theses which he sustained 
before the Faculty of Sciences of Lyons, in consequence of which he 
was received as doctor of gcienees. These theses attracted just notice, 
and the minister subscribed for several copies of the second for the 
libraries of the ports. In thus acquiring the doctorate of mathematical 
sciences, It. Bravais was conforming to the friendly ad\ice of M. Pois- 
son, who, after conducting his examinat'ou at his exit from the Poly- 
technic School, had asked him why he did not enter upon tbe career of 
science. He still followed that advir« in presenting to tbe Academy 
several memoirs of analysis and geometry, upon which MM. Poisson, 
Stnrm, and Savary, rnmie favorable rei>orts. 

From this perioil the minister of marine chose that M.Bravais should 
be released from the clandestine pursuit of science, and assigned him 
service in a mission purely scientific. He attached him to the Scientific 
Commission of the North, which was under the conduct of M. Gaimnrd, 
and of which M. Victor Lottin, lieutenant, had for several years formed 
a part. Tbe commission had been inaugiu^ted under m^ncholy cir- 
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cnmstancca. M. De Blosseville, iilreacly celebrated for two important 
scieutific voyages, had received, iu 1833, tbe conimand of the brig La 
Lilloisf^, charged with the superiotendeuce of the lishery in the sean of 
Iceland, and was accompauied, as second iu command, by M. LeFele- 
tier d'Aunay. Both these youug officers were animated by an anient; 
zeal for discovery, and had promised to effect for tbe advancement of 
science all that was comi)atible with the objects of their official mission. 
After a thorough exploration of tlie coasts of Iceland, they determined 
to recoonoiter tbe east coast of Greenland, which had been blockaded 
byiceforcentnries. On a first attempt tbey penetrated, July 20, in the 
midst of broken ice, to a distance of about twenty-four leagues from 
Greenland. They could already take the bearings of the mountains, but 
their vessel, whose construction was not suitable for an enterprise of 
thin sort, having un<lergone great damage from the doating ice, they 
had been constrained to disengage themselves with a view to repairs, 
while ilecided on mnkiug afterward a new attempt. There was rea- 
son to suppose that, iu fact, tbey bad become a second time entangled 
in the ice toward the end of August. From the 2i>th uoue of the fish- 
ing barks bad seen the Lilloiae. 

Much solicitude bad been naturally excited during the ensuing winter 
for tbe fate of the expedition, aud in the spring of 1834 a vessel was 
sent in senrcb, whose return without success afibrdeil only new grounds 
for an?ciety. In I83o tbe attempt waa renewed, and the corvette La 
Secbcrcbe, commanded by M. Tr^bouart, was dispatched on a similar 
mission. M. Gaimard, who six years before had taken au active part 
in the discovery, on tbe reefs of Vanikoro, of tbe remains of La 
P«5rou3e'3 expedition, generously proffered bis services to cooperate in 
the seareh for M. i)e Blosseville. Desiring at the same time that the 
exploration should subserve the interests of science as well as of hn- 
nianity, he associated with himself several distinguished savants, art- 
ists, and men of letters. Such was the nucleus of the Scientific Com- 
mission of the Xorth. 

All efforts to discover traces of the missing vessel were fruitless; but 
the scientific commission having collected in Iceland tbe elements of a 
magnificent work, the design was embraced of exploring also Spitzber- 
gen and Lapland, and of leaving a part of the scientific body to winter 
iu tbe hitter country, in order to make observations in physics and 
meteorology. It was determiued to increase the number of savants who * 
compost'd the commission, and M. Martins, one of our best botanists 
and a distinguished meteorologist, was ad<lcd to it, together with M. 
Bravais and several learned Scandinavians. Instructions were asked 
of the Academy of Sciences, aud their preparation was confided to a 
special commis-sion, whose recommendations were adopted in the sitting 
of April 23, 1838. 

The Kecherche was equipped anew, and, under the command of M. 
Fabvre, left the port of Havre June 13, 1838, i)earing the greater part 
of the members of the commission and all the material necessary for 
their operations. After touching at Droutheim, the ancient capital of 
Norway, where she received the Swedish, Norwegian and Danish 
savants designated by their resjiective governments, and at Hammer- 
fest, where she lauded tbe stores provided for wintering, the Eccherehe 
turned her head toward Spitzhergeu and moored, July 25, in tbe roads 
of Bell Sound, on the western coast of that group of islands, in 70^ 
StK north latitude. The savants and officers of marine immediately 
ad<lressed themselves to their work. Astronomy, ])hysic8, meteorology ; 
tbe movements aud temperature of the sea ; tbe vast glaciers descending 
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from the tops of the mountains to the bay ; the geological couatltntioa 
of those naked and declivitous mountains ; the scanty traces of vegeta- 
tion, very different from that of Algeria, stretched at their foot ^oog 
the boacb, were the subjects of indefatigable study. M. Bravais, habit- 
nated from childhood to climbing rocks, was the tlrst to reach the sum- 
mit of a peak of diSicult access, on which the commission conferred his 
name. The officers of the vessel constructed a detailed plan of the 
Bay of Bell Sound, in concert with MM. Lottin and Bravais, who de- 
termined the azimuth of the bay, the heighthof the mountains, aud the 
declination of the magnetic needle. 

But summer is of short duration In those high latitudes. On August 
5, the commandant judged proper to give the signal of departure, and 
the Recherche ngaiu came to anchor, on the 12th, in the |H>rt of llam- 
merfest. Careful observations of the temperature of ttie waters of the 
aea at different depths were made dnring the passage by MM. Bravais 
aud Martins, the former of whom, with Professor Siljestrom, Swedish 
physicist, Professor Lilliehook, Norwegian physicist and astronomer, 
and M. Bevalet, draughtsman, landed at Hammerfest to winter in Lap- 
land. The con-ette returned to Brest. 

The climate of the western coasts of 24'orway and of the coasta of 
Lapland is of a remarkable mildness in comparison with that of other 
points of the globe situated in the same latitude. The tepid waters of 
the Gulf of Mexieo, borne by the ocean current, known as the Gulf 
Stream, diffuse a perpetual warmth and produce there a wholly ex- 
ceptional temperature. From this it results that the deep arms of the 
sea which, under the name of fiords, penetrate these singularly indented 
coasts, are scarcely ever obstructed by ice. Kavigatiou, instead of being 
suspended for several months, as in the White Sea and the Baltic, is 
there generally open ; and this circumstance gives to the capacious and 
excellent ports of the fiords of Lapland a certain strategic importance, 
calpnlat«d to enhance the scientific interest which the exceptional cli- 
mate would of itself inspire. But from ib^ comparatively high tempera- 
tare the northern part of the Atlantic Ocean is euvelo[>ed, during win- 
ter, in almost permanent fogs, whose density is sufficient to shut out a 
view of the heavens. The port of llammertest being too near the sea 
and exposed to this disadvantage, our physicists chose for their winter 
station the village of Bossekop, situated on a nari'ow shelf at tlie ex- 
' trcme point of the Altenfiord, an arm of the sea which penetrates the 
land to the distance of seventy kilometres, whence it results that the 
climate is there colder and the sky more frequently clear than on the 
shores of the ocean. At this place the four physicists established, Sep- 
tember 1, the nnmerous instruments, telescopes, theodolites, gigantic 
compasses, barometers, thermometers, actiuometers, pyrheliometers, &o., 
which had been lauded from the corvette. These instruments had been 
constructed at Paris by the best artists and on the most perfect models. 
A small woo<len stnicture, which might be takeu down aud rebuilt else- 
where, formed the astronomical observatory, while five other cabins 
8erve<l as meteorological aud magnetical observatories, &c. 

Bossekop is sitnatol in 69° 58' north latitude, and is therefore 3° Sy 
beyond the polar circle. The sun does not rise there every day iu the 
year, and on that of the winter solstice, at uoon, its center is 3° 25' be- 
low the hurizon. After the middle of isovembcr its disk is no longer 
seen entire, the lower part is lost to sight, aud the luminary is wholly 
invisible after the ITth of that month. For some time a crepuscular 
light illumines, toward mid-day, the sontbera arc of the horizon, but 
toward the 21st of December even this glimmer vanishes. It reap- 
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pears in the beginniDg of January and tncreasea by degrees. Finally, on 
the 3l8t of January, the solar disk begins again to show itself. It pro- 
jects ft first ray, which is hailed hy the universal acclamations of the 
IKtpulation stationed at windows or on eminences to salate the benefi- 
cent orb, whose priceless value ia better felt after such an absence. On 
that day all labor is suspended, felicitations are exchanged, dunces es- 
preas the common joy, pledgesare drunk to the resurrection of the sun ; 
it is tho time also for settling the bets which have been made ou the 
r»t« of watches which, not having been regulated for two and a half 
iiioiitha, are liable to have become deranged. The sun, after this, rises 
every day, at first for a few minutes only ; but the days gmdiially 
lengthen; at the equinox they are equal to the nights; then the uighta 
grow shorter, and finally estinct ; the sun ceases to set, and a continued 
day of nearly three months forms the compensation for the long night 
of winter. 

The perpetual day of the polar summer has never wanted witnesses; 
but it needed the resolution inspired by an ardent love of science to 
await at Bossekop the festival of the resurrection of the sun. More 
resolution still was neede<l to undertake the labors which the commis- 
sion was charged with executing at that point. Kotwithstauding the 
relative moderation of the climate, the thermometer often descends at 
Bossekop, not, indeed, to 4<) or 50 degrees centigrade below zero, as in 
the north of Asia and America, but, according, to the observations of 
the commission, to 20° or 25° ; nor is the depression restricted, as in 
our climates, to the last hours of the night. Here the night does not 
terminate, and the diurnal variation of the temperature, evidently inde- 
pendent of the action of the sun, the maximum occurring at 11 o'clock 
in the morningand the minimnm at 6 o'clock in the evening, does not 
exceed on a mean the tenth of a degree. The wind which at Bossekop 
is least cold is that of the north, under the influence of the Northern 
Oceim; while the coldest is that from the south, which bears the frozei. 
air of the Scandinavian Alps. The temperature of the air is at its 
minimum at the surface of the ground. It rises gradually by some de- 
grees to a height of about one hundred metres, and afterward dimin- 
ishes agreeably to the usual law. All the elements of the climate were 
collected by our physicists through observations made uuinterru[rtedly 
at intervals of two hours, and sometimes hourly, on tho barometer, the 
thermometer, the direction of the wind, the stite of the sky, the tem- 
perature of the earth at its surface, the magnetic apparatus, &c. All 
these determinations, inscribed on registers kept constantly and with 
perfect order, have been published in the great work of the Scieutifio 
Commission of the North. 

The two maiines and two professors divided between them the labor 
and the watching, the latter being observed with as much regularity as 
on board a manofwar ; but if an aurora borealis presented an cxtra- 
ordiimry brilliancy there was a general turnout; every one was at his 
post. Some drops of coff^, seasonably taken, dis|)elled the importunate 
somnolence of the Lapland night. Of the observers, while a portion 
noted every five minutes the positions assumed by the magnetic needle 
tiDdcr the disturbing iuUuence of the aurora, others, in the "reu air, 
recorded, watch in hand, the different phases of the phenomenon and 
measured the altitudes above the horizon. The adjusting screws of 
their instruments often became so cold that it was neeessarj- to cover 
them with cloth, without which precaution their fingers would have id- 
bered to the brass through the suddeu congelation of the humidity of 
the skin. . ,t>(>glc 
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Independently of the detailed journal of observations of the anroras, 
printed in the work already referred to, and the splendid plates of the 
l>hysic»l atlas, which represent the most remarkable appearances ob- 
served by the four physicists, M. Bravais has inserted in the same pub- 
lication a Memoiresur 2e8 aurores hor4a{es, cited by competent judges as 
more precise than auytUing heretofore written on the subject. The fol- 
lowing rapid summary of the eoutents of this essay may not be without 
interest. - 

When the first doubtful gleams of an aurora begin to difi'asc them- 
selveij in the sky, there is llrst perceived at the horizon, a little to the 
west of north, a dark segment, which, according to the very i)tobabIe 
conjectures of M. Bravais, is nothing else than the comi>act mass of 
fogs with which the temi>erate waters of the Polar Sea are almost con- 
stantly covered. Above the dark segment gleams of light like those of 
a coutiagratiou soon make their api>earance, simply resulting, j>erhaps, 
from the still distant glow of the aurora retlected on the surl'ace of the 
niariue vajxtrs. Some time afterward a luminous arc is tniced above 
the segment, its two extremities resting on the horizon, and its culmi- 
nating {)oiut, which divides it into two ecjual and symmetrical parts, 
being situated most frequently in the neighborhood of the niiignetic 
meridian. On an average it falls n little to the west of that uieiidian, 
from which it progressively diverges as it becomes more remote from 
the northern edge of the horizon, especially when, having passed the 
zenith, it approaches the southern horizon, from which in certain eases 
it is distant but a few degrees. Sometimes several difilereut arcs .show 
themselves at the same time ; \'ery often there are two, more rarely three, 
hut as many as nine have been counted at one time. Their breadth, 
which at a mean is from seven to eight degrees. Occasionally eNCi.>ed9 
twenty&ve degrees, particularly in the culminant piu't when it passes near 
the zenith. Through a combination of measurements this last remark 
has led to the conclusion that the arcs of the aurora bore.ilis are flat- 
tened parallel to the surface of the earth, and thus one of the means 
proper for furnishing the measure of the height at which these ares are 
situated atwve the surface was suggested to M. Bravais. 

The height iu question hatl long before occupied attention, and it had 
with reason been thought thitt it might be citlculated frem the parallax 
resultiug bom two observations of the same are, made simultaneonsly 
by two observers placed at a known distance. With a view to this 
- means of determination TA. Bravais passed thirteen days of January 
1838 at Jupvig, situateil lifteen kilometres to the north of Bossekop, iu 
order to observe the aurorns team, that point, while his colleagues ob- 
server! them at the same instants of time from their usual station. The 
forms of a great number of arcs, and especially those of the most regu- 
lar arcs, were taken with much care by the commission, and M. Bravais, 
by discussing them, through means of elegant geometric constructions 
aud trigonometrical formulas skillfully reduced to the greatest simpli- 
city, has shown that all these area, conformably with the hyjtothesis of 
our distinguished correspoudent, M. Hausteen, of Christiania, may bo 
considered as the perspectives of cireular rings, having their center on 
the terrestrial radius directed toward the magnetic pole, and their piano 
perpendicular to that radius. His foruutlas have given him, for each 
case, the elevation of the ring above the surface of the earth, and this 
means of measurement, combined with the two others already indicated, 
have led him to the conclusion that the ares of the aurora borealis aro 
situated at au altitude of one hundred to two hundred kilometres, in 
the region where the shooting stars and bolides become incandescent 
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and InmiDoQS, tbat is to say, toward tbe extreme limits of tlio terres- 
trial atmosphere, tbe extent of wliich bad long lieen supposed to be less 
considerable. 

The color of tbe arcs is usually of a nnifonn yellowish white. They 
are of sufficient transparence to allow the stars to be seeu through 
them, and while the radiance of tbe most brilliaut arcs equals tbat of 
stni-s of the first magnitude, tbe greater number are only comparable to 
those of the second, third, and fourth. The positiou of each arc does 
not remain invariable duriug its whole duration ; on tbe Contrary, it 
varies with much rapidity, so as to compel the observer to operate with 
great quickness, if be would give to the different parts of tlm same are 
positimis exactly corresiKinding as regards one nuotber. In their move- 
meuts tbe arcs sometimes approach the zenith and sometimes withdraw 
from it, whether toward the north or toward tbe south. Their edge 
nearest to the horizon is usually the best defined. They have not always 
regular forms ; we see them assume a thousand fantastic eon figurations, 
such as that of an undulating scarf, or eveu of a crook. Tliey some- 
times show, es|)ecially toward the end, a teudency to become decomposed 
into short rays in a direction conformable to the width of the arc. 

After tbe arcs, at a rather more advanced hour, apiiear tbe rays prop- 
erly BO called, which form the second type to which the gleams of the 
aurora borealis may be referretl. The rays are luminous columns of 
much greater length than breadth, the prolongation of which on high 
would termiuate at the magnetic zenith, the point of appareut concourse 
of all the lines parallel to tbe needle of incliuatiou, and situated, at 
Bossekop, only 13° toward the south of the astronomical zenith. The 
brilliancy of the rays is variable like tbat of the arcs, and generally 
more vivid. They are susceptible of two movements; one in virtue of 
which tbe ray prolongs itself toward the zenith or toward the horizon, 
tbe other by which it is displaced laterally and parallel to itself. These 
movements are sometimes of an excessive rapidity, and it is not rare to 
see the rays dart their light, with a vibratory movement, toward tbe 
zenitb, and still more frequently toward tbe horizon, with extreme viva- 
city) When these movements are altemato, tbe ray seems to gambol 
or dance ; hence, the capra saltantea of old authors, the marionnettes of 
the inhabitants of Newfoundland, the merry dancers of England. In 
general tbe more rapid the movements the more brilliant become the 
rays. The color of these is usually white or pale yellow, sometimes of a 
reddish hue. When tbe vibratory movements of the rays become very 
precipitate, tbe brilliant yellow tint is concentrated in their middle part 
and the opposite extremities take tbe color of violetrred and green^ the 
red always showing itself on the side to which tbe ray darts its light. 
Occasionally the rays unite with one another at the magnetic zenith to 
form a crown either complete or incomplete; and when, iu executing 
this movement, tbey lose their usual yellowish tint and glow with au 
iuteiiser luster, passing into red and green, the crown presents the great- 
est degree of magnificence which the aurora is capable of displaying. 
At certain moments the vibratory movements by which tbe rays are 
animated change into a sort of general palpitation in which alt the 
gleams of the aurora are confounded, tbe arcs as well as rays. It is 
tbo aiinonncoment of a diminution more or less proximate of this splen- 
did meteor. 

The refidgence of tbe aurora borealis might seem to have been given 
to the iiolar regions as a compensation for tbe absence of tbe sun ; for 
these arctic lights, barely visible two or three times a year on the hori- 
zon of Paris, illumine almost every evening tbe latitudes fiom which 
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tho star of day is withdra^vn. They are no longer observed there dor. 
ing the uaiatermpted day of sammer ; it is at tlie end of Aagnst, aud 
especially at tbe period of the aatiiinnal eqainoxj that their nnmber ia 
multiplied in Lapland, and their frequency dimiQishes at the remal 
equinox, and still more to\rard tbe end of April. During this interval 
of more than six mouths very few nights are destitute of tbe auroral 
display. 

Tbe apparition of the auroras is therefore subject to tbe course of the 
seasons, and it is not less remarkable that even during the hlberual 
night the hours of their commencement and of their different phases 
maintain a constant relation to tbe hour of the passage at the meridian 
of the sun, which has become iuvisible. Their appearance always takes 
place during tbe hours which correspond to tbe night of our temiierate 
zones. It is generally between ten and eleven in the evening that they 
assume tbe effulgent colors by which some of tbem are distinguished, 
aud, in all, their greatest brilliancy corresponds to the same period of 
the uicht. The meteor usually disappears toward morning. 

M. Bravais states that bj' the light of a brilliant aurora he could read 
a page printed in small type almost as easily as by the light of the full 
moou. When the sun no longer rises, tbe moon, which at its full is in 
opposition with the sun, is seen almost constantly on the horizon, and 
the double effulgence of that planet and of the aurora grently dimin- 
ishes the obscurity of tbe polar night. Irregular as are these lights, 
they sufKce to euable the I^pps, tbe Samoieds, and tbe Esquimaux to 
traverse in sleds the limitless snows which cover their country ; and 
when tbe absence of tbe sun would tend to dull their minds, tbe fantas- 
tic images presented by a fitful illumination serve to arouse their imag- 
ination and aflbrd a pabulum on which it is marvellously exercised. 

Notwithstanding the movements with which tho arcs and rays of the 
aurora are endowed, it is evident that they follow the movement of ro- 
tation of the earth. The aurora borealis is therefore an atmospheric 
and not a cosmical phenomenon. Canton, M. Becquerel, and other phy- 
sicists, have pointed out tbe resemblance which exists between tbe vio- 
let-red tints of this meteor and those which electricity displays when 
moving in a vacnum. This circumstance, added to the action of the 
aurora on the magnetic needle, has led physicists to class it among elec- 
tric phenomena. M. Bravais gives his adhesion to this opinion, the 
verification of which has been recently corroborated by a remarkable 
experiment of our distinguished colleague, M. De La Bive. 

After s sojonrn of seven months tbe commission quitted Bossekop, 
April 1839, and returned to Hammerfest iu order to execute sundry 
labors and await the corvette which was to convey them a second time 
to Spitzbergen. Vegetation was renewing and developing itself with 
that astonishing rapidity which, from the commencement of May, an 
' almost continual day gives to it in Lapland. M. Bravais could not resist 
his passion for herborizing, but unfortunately, in attempting to gather 
a plant springing from the crevice of a rock, he sustained a violent tail 
and fractured a knee, so that when the corvette bore off his companions 
he found himself under tbe necessity of remaining at Hammerfest uutU 
the end of the polar summer should bring back the other members of 
the commission. Far from being discouraged, however, by so vexatious 
a mishap, he continued the series of meteorological and magnetic obser- 
vations, and as soon as the injury permitted him to walk, labored at the 
completion of two memoirs commenced during his stay at Bossekop, 
one on the tides, and the other on the lines of the ancieDt level of the sea. 
A sojourn of more than a year bad enabled him to perfect his obsei-- 
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vatioi) of the tides, and having afterward collated hia oirn menanre- 
uienta with those executed at Beikiavik, in Iceland, and Bell Sound, in 
Spitzbergen, by MM. Lottiu and Laroche-Ponci6, and sabmitted the 
whole to a thorough discussion, he determined the units of height of 
tide in several ports of the North Atlantic Ocean. He also calculated 
for those coasts the value of the semi-diurnal tide and that of the diur- 
nal tide for both the sun and moon. He was struck with tlie rehitive 
importance which the diurual tide there assumes, and this circumstance, 
compared with the analogous fact already observed in the Sea of Kamt- 
chatka, led him to infer that the tides of the Atlantic and Pacific 
mutually influence one another through the Straits of Behring. 

The banks of the Alten&ord, in the environs of Boasekop and Ham- 
merfest, as well as at many intermediate localities, present terraces 
having almost horizontal surfaces, whose regularity recalls the construc- 
tions of fortification, though there is nothing artificial about them. Each 
of these terminates at tlie foot of the rocks in a line marked by erosions 
similar to those which the sea produces on its present beach. In each 
terrace is easily recognized an ancient marine coast, on which the sea 
has beaten for a long time at a well-dcflncd height. At some points 
several of these are to be seen, one above the other. M. Bravais occu- 
pied himself in a determination of the actual elevation of all these 
traces of the ancient level of the sea, and hero botany has furnished 
him a useful resonree. A marine plant, the Fwun veaiculosiia, widely 
dispersed on those coasts, grows upon the rocks only at a certain dis- 
tance beneath the mean surface of the sea, and forms a yellowish zone, 
of which the upper limit is well marked and perfectly horizontal. This 
line supplied the plane to which M. Bravais referred, by precise level- 
iugs, the ancient marks of erosion by the sea ; and he thus recognized 
that all these traces of it« ancient altitude form five series, more or less 
distinct, two of which especially are perfectly nobrol^en ; that these 
Inst are slightly inclined from the interior of the continent toward the 
ocean, and that one of them in particular presents two parts of which 
the inclinations are different. From this we are authorized to conclude 
that these terraces and the ground which supports them have been 
lifted above the level of the sea } for, if it were the sea which had sub- 
sided, each of the two series of terraces would have been perfectly hori- 
zontal. The mobility of the solid crust of our globe is thereby fuUy 
demonstrated. It might be said that the expression, firm as a rock, if 
taken in too absolute a sense, embodies an illusion, and that there is 
nothing more unstable in the world than the mean level of the sea. 

M. Bravais was occupied with these subjects till the moment when 
the corvette, returning from Spitzbergen, again arrived at Hammerfest. 
The members of the commission then separated for the last time, in 
order to return to their respective countries by different routes. M. Bra- 
vais associated himself with M. Martins to return by land, and, still 
herborizing, traversed, barometer in hand, the plateau of Lapland, 
where the two travelers determined with precision the altitudes of the 
npper and lower limits of the different zones of vegetation. In this 
way they completed, not the Atlantic flora of Desfontaines, as M. Bra- 
vais had seemed destined to do, but the admirable labors in botanical 
geography of Leopold von Buch and the celebrated flora of Wahlem- 
berg. 

In the vast forests of Sweden, HM. Martins and Bravais had many 
opportunities of observing the Pinus silvestria, (Scotch flr,) of which 
those forests are in great part composed, and published at their return 
a memoir on the growth of that tree, a work which had been recom- 
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mended by M. Do Candolle, and whicli comprises a mathematical for- 
mula for niTiving at tbe probable age of a flr-tree whose diameter is 
known. At Stockholm they carefully compared their meteorological 
instruments, aad particuhirly their barometers, with those that were 
emi)Ioyed for quotidian meteorological observations. This comparison 
was repeated in all the capitals and great cities through which they 
passi^d in returning to France, and their instruments having been com- 
pared before their departure, as they were at their return, with those of 
the Observatory of Paris, a means was thiis created of reducing to en- 
tire harmony, and of retorring in some sort to the same diapason, the me- 
teorological observations which areprosecutedinalargepartof Europe. 

Having returned to Paris in January 1840, they addressed to M. 
d.rago a detailed lottor on the labors of the Commission of the North, 
which was inserted in the Vomptes-Rendus of the Academy. Their efforts 
were Justly appreciat«<l and well-earned rewards conlcrred on them, M. 
Bravais receiving on his part the decoration of the Legion of Honor, 
and authority to wear that of the Swedish Order of the Sword. In his 
capacity of marine officer he was charged by the minister with the duty 
of collecting, jointly with M. Lottin, all the observations on general 
physics made by the commission, and superintending the pubhcatiou. 
He wiis permitted at tlie same time to occupy a chair in one of the fitc- 
nlties of science, then lately created in different cities of France, and 
was named professor of mathematics applied to astronomy in that of 
Lyons, of which faculty M. Tal>ereau, his future brother-in-law, the dis- 
tinguished founder of the school of La Martiiiiero, was dean. Among 
the observations made by M. Bravais at the Observatory of Lyoua 
many would descr%'e to be cited, particularly one on a magnificent ap- 
pearance of the zodiacal light in the month of February 1S12. The re- 
searches incident to a preparation for his new functions led also to the 
composition of an im|>ortant memoir on the movement of translation of 
the sun, which he addressed to the Academy of Sciences, in 1843. Fi'om 
the profounder theorems of mechanics on the mutual attractions of the 
stars and the sun, he here establLshes that the proper movement of our 
total system is towards the star ij of the constellation Hercules. 

Elected, on his arrival, a member of the Academy of Lyons, M- Bravais 
bora, with his father and two of his brothers, a very active part in the 
labors of the scientihc congress assembled in that city, and laid before 
it in detail various important considerations on the meteorology of the 
south of France. He also contributed efficiently, with MM. Lortct and 
Fournet, to the establishment of the Hydrometric Society of Lyons, 
widely known for its important and useful labors. With these occupa- 
tions was united au assiduous co-operation in the production of a work 
entitled Patria, which ho edited during the three years of his residence 
at Lyons, in conjunction with MM. Lalaune, Lo Pileur, and Martins. 
This work, undertaken with a view to utility, presents, in a condensed 
and portable form, a miniature encyclopedia of everything relating to 
France which it is most desirable to have for immctUato reference. The 
articles in this collection on geography, physics of the soil, as well as 
many others compiled by M. Bravais, must always be regarded as models 
of conciseness and lucidity. 

But Lyons is not remote from Switzerlan<l and Savoy ; the sight of 
the summits of the Alps, those old irieuds of his childhood, the sight of 
the eternal snows, which recalled to him Spitzbergen and La[>laud, easily 
awakened in M. Bravais his instincts as a traveler. In 1811, niter the 
close of his first course, he undertook a journey into Switzerland, and 
in order to render it subservient to the continmitiou of his meteorologi- 



UEMOm OF AUGUSTB BEATAIS. 159 

cal Inbors, he established himself on the Faalhorn, in company with his 
elder brother, M. Louis Bravais, and Lis friend M. Martins. 

The Faulhorn is an isolatetl monutaia, elevated 2,C80 metres above 
the sea aud placed like a iKlvidere in face of the highest monntains of 
the cjHitoii of Berne, the Eiger, the Monch, the Jungthiu. Every sum- 
mer thousands of tourists ascend this peak, in order to enjoy the mag- 
nificent view of the snows and glaciers of the Oberhind. The inn estab- 
lished to receive tbem 1)ecame the meteorological station of M^I. Martins 
and Bravais. Tliey re-established there the Observatory of Bos-sekop. 
and from the 17tb of July to tbe 5th of August made a series of obser- 
vations similar to those of Lapland, saving the absence of the aurora 
borealis. Kor was natural history Ibrgotteu ; familiar with mountains 
and with the application of pliysics to tbe geography of plants, tlie re- 
searclies ofom- savants were rewarded by au ample harvest gathered on 
the acclivities and in the environs of tlie Faulhorn, Es|>enmeiits in 
■ physics also, of high interest, were instituted by MM. Bravais aud Mar- 
tins. M. Dumas, our distinguished colleague, had caused to l>e pre- 
pare<I at Paris several glass balloons providetl with taps, in which as 
complete a vacuum as possible had been established. These balloons 
were hlled with the air which enveloped the summit of the mountain, 
then closed with the greatest care, and sent back to M. Dumas. Analy- 
sis showed tbat the air inclosed in these balloons contained the same 
proportions of oxygen and nitrogen with the air tatcen at Paris ; whence 
it resulted that, contrary to the opinion formerly entertained by Dalton, 
but controverted by Gay-Lussac and Humboldt, the constituent pro- 
portions of the air do not vary with the beiglit. M. Bravais devoted 
the evenings, when the sky was sutSciently clear, to the study of cre- 
puscular phenomena. His observations, nnited with those of other me- 
teorologists aud submitted to calculation, furnished him a new meii^ure 
of tbe height of the atmosphere, equal at least to one hundred kilo- 
metres, a result quite approximate to tbat which had been given bim by 
the auroras of Bossekop. 

In ltM2 the meetiQgattbe Faulhorn was repeated, and the same series 
of meteorological observations were continued, but MM. Bravais and 
3fartiiis applied themselves moreover to reseiirclies in physics of a new 
order. M. Peltier, one of our most distingnished and most exact phy- 
sicists, snatched away too soon from science, joined them on this occasion 
and united with M. Bravais in measuring the temperature of ebullition 
of wat(T under different barometric pressures. Tlie object of these 
studies was to i)erfect the tables which serve to determine the elevation 
above the sea, from the degree of the thermometer at which water enters 
into ebullitioD, a method of less iucouvenient application than tbe baro- 
metric method. 

MM, Bravais and Martins, aided by M. Camille Bravais, who now 
replaced the elder brother, made also important exi)erimcnts on the 
propagiitiou of souud. Mortars were flrwl on the Faulhorn aud on tlie 
shore of the Lake of Brieuz, 2,041 metres lower down, the flash being 
visible aud the rej)ort heard from each statiou at the other. The per- 
ception of the light might be regarded as instantaneous, and by measur- 
ing with a seconds watcb the retardation of the sound, the velocity of 
its propagation was determined. It was thus found that, for dry air, 
at the temperature of melting ice, the velocity of the propagation of 
sound, whether ascending or descending, is .332 metres 1 centimetres 
per second. This result accords with that of the celebrated exjierimenta 
made between Villejuif aud Montlh^ry, when sound was propagated 
horizontally. , , i , C it>(>Qlc 
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Id 1843 M. Bravais made DO excnrsiOD ; it waaforhimayearof mourn- 
in^. His eldest brotlier, M. Louis Bravaia, his coadjutor in the memoil 
on the symmetrical arrangement of leaves, die<l at the commencement 
of summer, ^iter six months of suCTering, borne with Christian resigna- 
tiou, in the midst of which he occupied himself, to his last day^ with 
researches in botany. Thispainfnlseparation slackened but transient!; 
the labors of M, Auguste Bravais. He speedily returaed to tbein with 
his accHstomcil ardor, and the year following entered upon a new ex- 
pedition, the last aud perhaps the most remarkable of those which it 
was given him to accomplish. 

Tbe snpimsition is not improbable that two of our distinguished per- 
petual secretaries, always pleased at meeting one another on neutral 
ground, had, about that time, exchanged some words on tbe subject of 
M. Bravais. M. Arago had, from the tribune of the Chamber of Depn- - 
ties, cited him as one of tbe officers who, by tbeir knowledge, reflected 
most honor on our marine, even comparing him, in his extemporization, 
with the geometers of antiquity. M. Villcmain, then minister of public 
instruction, enlightened also by our learned colleague M. Puuillet, had 
the merit of comprehending the expediency of an adventure which 
would crown, by the asceut of Mont Blanc, the previous labors of M. 
Bravais, and drew upon the budget of his department for tbe expenses 
of this difficult enteri>rise. 

Be Baussure was tlie first physicist who had made tbe ascent of Mont 
Blanc ; M. Bravais was tbe second. He shared this distinction with his 
friend M. Gb. Martius, and with Dr. Pileor, hia collaborator in editiog 
the Patria. 

It was with no little interest that learoed Europe had beard that M. 
De Saussure, already celebrated for his travels in the Alps, had suc- 
ceeded in carrying hia barometer to tbe snmmit of Mont Blanc, and had 
fixed the height of tbe mountain at 2,450 toises. He had made at the 
same time several experiments in physics, which have never ceased to 
hold an honorable place in all treatises on meteorology. But physics 
had made great progress in the space of flfty-seven years; it had be- 
come time to renew the experiments of De Saussure, and to add new 
ones, of which no idea could exist in hia time. Such was the path which 
the eulightcued liberality of M. Villemain dow opened to the hardihood 
and skiU of tbe three modern physicists. 

HaviDg left Paris, July 16. 1841, with a complete series of instruments 
of better construction than nad ever before been employed in a work of 
this natnre, the travelers atoppe<l at Geneva in order to compare them 
with those which are there daily employetl, with a care aDd dexterity 
worthy of the country of De Saussure, and arrived at Cbamonni, where, 
in 1787, this last-nametl savant had been obliged to wait fonr weeks for 
weather propitions to his undertaking. M. Bravais and his companions 
were scarcely more favored. A first and second attempt failetl from 
atmospheric accidents, which were not unattended with danger, but at 
length they arrived, August 28, for the third time at a wide plateau of 
SDOw, 880 metres below the summit of the mountain, where their instru- 
ments bad been permanently fixed for three weeks, under shelter of a 
small tent. The night passed cold and calm, and next day, tbe obser- 
vations of the morning being completed, tlie adventurers proceeded, at 
ten o'clock, to climb to the top of Kfont Blanc. This was rea^ihcd, with- 
out any extraordinary difficulties, at forty-fire minutes after one o'clock. 
The wind was blowing with great force from tbe northwest } the ther- 
mometer marked 7° below zero. The sun sbone brightly, but vapors 
veiled the more remote parts of the vast horizon, which extends trom 
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the C6te d'Or to the moQDtains of Liguria. The circunijaceDt monutains, 
on the contrary, were seen with great distinctnesB. After throwing a 

fiance on thm magnificent panorama, MM. Brarais, Martins, and Lo 
'ilenr baisteuetl to iiirauge their iu»truaieiits — barometer, thermometer, 
hygrometer, psychrometer, pyrhelioiueter, actinometer, compass ; the 
instnimeut for measuring the horizontal magnetic intensity; another 
for meaxnriDg the inoliuatiou of the magnetic needle; another for measur- 
ing the teiupenitin-e of ebullition of water; instruments for obaer\-ing 
the tints of the sky and tranHi>arence of the atmosphere, &c., another for 
measuring the electric intensity. The genius of De Sauasure had sug- 
gested a partof the same experiments, but his extemporized instrunieuta 
vere less complicated than those of to-day, whoso ]>recision is paid for 
by the miuut^ precautions which their management exacts. 

During the five hours passed on the summit of Mont Bliinc, our three 
physicists had time to derive from their instruments all they were ca- 
pable of yieliling, and to collect a series of measurements which left 
little to desire. At the approach of evening, the princiiml expcrimeuta 
in physics having been nearly terminated, M. Bravais established the 
theodolite, and, assisted by M. Le Pileur, who wrote the angles at his 
dictation, connueneed a survey of the horizon, measuring the angle of 
depression of each of the mountains which formed it, and the azimuth 
which ex|)rc.sscd the direction in which it was seen. This circuit of the 
bori:on of Mont Blanc, which had never before been made, (for De 
Saussiu'e had confined himself to general remarks,) will remain a valua- 
ble monument tor geodesy and geology. The work was almost tiuisbed, 
and nothing remained to be taken but the least interesting pai-ts of the 
panoiama, when the process was interrupted by a phenomenon which 
equally surprised the eight persons (guides and travelers) then asstMubled 
on Mont Blanc, because, in none of the ascents previously made, bad 
any one ventured to remain there till the setting of the sun. 

" At ttorty minutes after six," says M. Bravaia, in the little work which 
contains his toar d'horizon, " the sun approaching the moment of its 
disappeaniuce, we cast our eyes on the side ojiposite to the luuiinarj', 
and saw, not without wonder, the shadow of Mont Blaue projected on 
the snow -covered mountains in the eastern part of our panorama. I 
took the summit of that shadow with the thedolite, and obtained the 
depression of — 1"^, A minute afterwards it was — 0° 48', ascending 
in pro[H>rtioii as the sun declined. We still remained some ten minutes 
occupictl in imckiug our baggage, and rather anxious to descend on ac- 
count ot the shortness of twilight on high mountains. • • • i have 
delineated in the panorama the form then presented by the shadow of 
Mont Blanc. It rose gradually into the atmosphere, as though this were 
a canvass ou which it was just portraying itself. The separation of the 
shadow and the light was strongly defined in its outlines, anil it thus 
continued to ascend, rising above the mountains of the Valley of Aosto, 
nutil it attained the height of l'^, still remaining perfectly visible. The 
air above the cone of shadow was of that rose-purple tint which, in fine 
sunsets, is seen to color the western sky, while the border of this tint, 
along the line of separation, presented a more intense hue of red, con- 
tributing greatly to euhanee the splendor of the phenomenon. 

"Let the mountains of the great Valley of Aosta be now conceived 
as also siinnltnnvously projecting their shadows into the atmosphere; 
the outline of their inighty spires distinctly risible ; dark, or rather 
faintly green Iwlow, but soaring up into that expanse of rose i-ulored 
light from which they were separated by a band of deeper hue ; to this 
be added the precision of the cones of shadow, and especially of the 
lis 
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outliDe of thpir crests, and, Unally, the efiFect of tlie laws of perspective, 
causing ill! tbese lines to converge toward one aDotlier and toward the 
rcflet^ted summit of Mont Blaiic, wliere our onn shadows might also be 
8iip[>oscd to find a place; still but an incomplete idea can be formed of 
the grandeur of tlie meteorological plienomeuou which, for those few in- 
stants, displayed itself befoi'e us. It might seem as if some invisible 
being, seated on a throne edged with fire, received the homage of bright- 
winged angels who, on their kuees, bent in adoration towanl him. 

"At the view of so much magnificence, our arms and those of our 
gnidci) remained inactive, and cries of enthusiasm burst from our lips. 
I have seen the splendid auroras of the north, with their zenith-crowns 
of variegated and moveable columns, not to beequalleil in effect by the 
richest displays of pyrotechny; but tlie sight of the shallow of Mout 
Blanc on the sky appears to me more august by far. After indnlging 
for ten niiuutes in the contemplation of this spectacle, wo were forced 
again to think of returning. Fortunately, the iult moon, rising brightly 
above the eastern horizon, sufficed for that stage of our journey which 
conducted us again to our tent, where we arrived after fifty minutes 
of very rapid descent." 

This poetic sally enables us to judge whether the cold of twelve de- 
grees, whidi tbeu existed on Mont Blanc, and the managemeut of grad- 
uated instruments, had chilled the imagination. We may be suit that 
ob8er\'er8 who, at the close of the day, remained accessible to such vivid 
impressions, had neglected, during its course, uothing which fonued the 
S])ecial object of their toilsome and perilous ascent; and we may say, 
without further commentary, that skillfid physicists who have em|)loyed 
fifteen hours of assiduous labor to conduct, on the top of Mout Blanc, 
the operations of the best instruments known, who, moreover, have oc- 
cupied four diiya in following their a4:tion on the plateau near the sum- 
mit, could not fail to have put us in possession of scientific documents 
of high value, before which a midtitude of doubts and uncertaiuties 
must disappear. 

Having completed, at their tent on the grand plateau, the four days 
of observation, the travelers descended, September 1, to Chamouui. 
Here they rejeined M. Camillc Bnivais, who had been uieanwhile en- 
gaged in making, every two hours, corresponding observatiotis at the 
same i»oint where M. Theodore de Sanssure, since so celebrated for his 
investigations in vegetable physiology, had co-oi»erated in like manner 
in the labors of his distinguished father, while the latter was operating 
on Mont Blanc. Nor were others indifferent to the issue of the ascent. 
For a month the father and sister of M. Bra\'ais had gone, every day, 
to seat themselves at a spot, in the entrance of the Vale of Aunonay, 
whence Mont Blanc and the snowy crests of the Alps may be seen, and 
whence he had himself in childhooil often contemplated them. They 
had not failed to he there on the aOtJi of August, but the zone of vapors 
which, from Mont Blanc, obscured the ])lain8, hid everything from their 
view. The same disappointment existed at Lyons. With tlie best tele- 
scopes the adventurers could not be perceived on the top of the great 
mountain, and the preparations made by learned colleagues, MM. Ta- 
bareau, Foumet, Lortet, and other eminent physiciMts, with a view to 
cooperate in the enterprise by their own observations, remained lor the 
most i)art unfniitfnl. 

The professor of astronomy had secured for himself, through the 
amenities of intercourse, a large share in the afi:H'tion of the faculty. 
Lively, though reflective, in disiwsitiou, full of kindness, of delicacy, 
and disinterest eduess, M. Bravais knew how to enjoy the success of 
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others, and no shade of rivalry ever found access to him. Always dis- 
posed to render service aiHl to give counsel, niien askeil for, he fulfilled 
his own duties with the most scrupulous exnctuess. His lertiu'os drew 
a numerous auditor^', for they were enliveneil by the associatiouN which 
the variety of his studies and experiences presented without effort to 
his niiud, and to which his vivid imagination gave an endlessly diversi- 
fieil expression. lu spito of the aridity supposed to be inherent in 
matbeniattca] pursuits, his conversation was jricturesque and sportive, 
and often heightened by sallies in which science allied itself with poetry. 
It was never without regret, therefore, tliat his colleagues of Lyons heard 
liim spenk of withdrawing. Yet, this M. Uravais was bound to tliiuk< 
of, for the publication of the voyage of the Scientific Commission oi 
the North was advancing, and with that would finish the mission with 
which he had been charged by the minister of marine. To remain at 
Lyons would have been to renounce his career as an officer in that 
branch of service, aurl he sometimes thought of requesting to be sent 
on some new voyage. Those who justly saw in him the ideal of the 
scientific traveler could not forbear from encouraging him to do so, but 
an unforeseen circamstanco put an end to these delibei-ations. 

Our distinguished coUcague, M. Lam^, hiul just relinquished the chair 
of physics in the Polytechnic School to occu|»y the place of examiner ot 
graduates. The council, with great unanimity, designated M. Bravais 
to succeed him. The latter, therefore, a naval lieutenant, was nominated 
to replace M, Lam^, chief engineer of mines, in a school which furuishes 
as well officers to the marine as engineers to the corps of mines and ot 
civil constructions. 

The preparation of a course so high as that with which he was now 
charged, gave, for some time, a particular direction to the studies of M. 
Bravais, and he delayed not to publish several excellent memoirs on 
atmospheric optics and the molescular constitution of bodies. A year 
after his ascent of Mont Blauc he presented to tLe Academy a memoii- 
on the white rainbow, which comjiletcd in a very happy manner one of 
the most admirable theories of physics. 

Until these latter ages mankind had seen in the rainbow a sign of 
boi>e, without knowing the canses of its api>earance. Theodorich, De 
Dominis, Descartes, had explained its formation by the refractions and 
reSectlons undergone, in drops of rain, by the rays of the sun. Ncwtou 
bad completed this explanation by the consideration of the unequal 
reirnngibility of colors ; but none of these eminent physicists, and none 
of those who after them had been occupied with the details of the 
phenomenon, had explained in a satisfactory manner the formation of the 
while rainbow, which is sometimes seen to make it^s appearance on fogs of 
little elevation and not titr remote from the spectator, with a I'adius 
sensibly inferior to that of the onlinary rainbow. It was reserved for 
M. Bra%'ais to demonstrate that if a cloud is formed of small hollow 
spheres in which the thickness of the wateiy euveloiio is comprised be- 
tween thirty-eight and flfty-five-hundredths of the radius of tho internal 
vacuum, it must form a white luminous arc of thirty-four to forty degrees 
of nulius, aud consequently not so large as the ordinary rainbow of the 
first order, whose radius is 42° StK. In ordinary clouds the envelope of 
the globules of vesicular vapor is thinner than that required by the 
theory of the white rainbow, whence it results that it is not formed. 
It is only to be seen on heavy fogs attached to the surface of the land 
or sea. True, this white rainbow is not one of those x>henomeua which 
strongly captivate the imagination; but it is enough for the honor of 
our colleague to remark that all physicists and Kewton himself had left 
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it without cxplauatioD. His memoir bas filled a gap in the labors of 
the first masters of science. 

The rainbow is not the only phenomenon which describes on the vanit 
of the heavens geometrical figures more or less brilliant, more or less 
vividly colored. Parhelious and halos, less frequent, hut not less strik- 
ing tliRU the rainbow, are formed under circumstances so visibly differ- 
ent, that, far from appearing of good augury, they have been regarded 
by the amazed populations as signs of dixine wrath. Mnriotte had pro- 
posed to attribute these luminous apparitions to the action exerted on 
the mys of the sun or moon by the frozen particles which remain, for 
» some time, suspended in the atmosphere before falling in the form of 
snow or rain. But Eluyghens had combated tliis explanation, and, for 
more than a centnry, it had Iteen left in abandonment. Brandes, Young, 
Galle, KUmtz, and other celebrated physicists, however, had recnrred to 
it with better success. But M. Bravnis has removed all doubts by rep- 
resenting by formulas, reduced with the ingenuity of which he possessed 
the secret to great simplicity, the course of tlie reflected and refractetl 
rays, and by deducing from their discussion tlie forms, however strange, 
of the observed phenomena. 

According to the greater or less depression of the temperature of the 
elevated regions of the atmosphere, the vapor is there condensed iutx> 
water which gives rain, orintoparticlesof ice which produce snow, sleet, 
or hail. The ice crystallizes in regular hexagonal prisms, which, in their 
most elementary form, are terminated by plane faces perpendicular tx> 
the axis of ttie prism. The prism is sometimes much elongated, some- 
times, on the contrary, extremely short. In the first case the ftozeu 
particles formed in the air are small needles of microscopic diameter; 
in the second they are small hexagonal or stellate plates, of a thickness 
hardly measureable. In both cases these little crystals are very light. 
They dance in the air like those grains of dust which are seen <]aivering 
by myriads in a sunbeam. They fall, however, though slowly, in air 
I>erfectly calm. Although microscopic, they have forms of the utmost 
exactness, for the regularity of crystallization is never more admirable 
than in the smallest particles of matter. 

When the frozen particles are acicular prisms, the luminous rays pro- 
ceeding from the sun or the moon, in being refracted across two faces 
not contiguous of the prism, under the angle of minimum deviation, are 
broken and pursue their route, by making with their first direction an 
angle of about 22°. In this ease, if the small prisms quiver in the air, 
a colored arc is produced comparable to a rainbow, but of 23° only of 
radius, of which the luminous body occupies the center and in which 
the red band is situated on the inner side. This is the halo of 22°, the 
most frequent of all. If the small prisms, or only a part of them, fall 
gently through tranquil air, and take a vertical [wsition, there is 
formeil, on each side of the sun and at the same height, an imago of 
that body which is called a parhelion, and which is distant from it, very 
nearly as is the arc of the halo, about 22°. The rays of light which 
are refracted, at the angle of minimnm deviation, across a diedral 
angle of 90°, like that which result* ft^m the rectangular incidence of 
the fj^ces of the hexagonal prism on its bases, are more stroDgly deflected 
than in the precetiing case and produce the halo of W. If the prisms 
are vertical, they give rise to horizontal circles, decked with very lively 
colors, which are tangents to the upper part or to the lower part of the 
halo of 46°. 

When the fhizen particles have the form of small, very thin hexagonal 
plates, the diedral angles of 90°, preseuted by the outline of their base, 
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CODCDT in tbe formation of the lialo of 46'^; and slionld their fall through 
tranqailairrcnderoneof their diagODalsveftica), the parhelimi of 46<>»nd 
the anthelion make their api>earaiice. The rays reflected, without disper- 
sion of colors, on the vertical faces of the prisms and hexagonal tablets 
produce the parlielic circle of JM. Bahinet, which is brilliant but colorless. 

Other combinations mny be conceived, almost all realized in nature; 
moreover, the microscopic crystals of ice, besides their principal faces, 
sometimes present secondarj- facets, which also give rise to refractions 
and rejections, the effect of which is to break the ray of lights in each 
cnse, un<ler a aiiecial angle. The analysis of all the possible cases ot 
this kind, and tbe complete explanation which results therefrom of all 
the phenomena observed, even the most singular aud most rare, fur- 
nistu^d M. Bnivais the subject of the consummate memoir which is fresh 
iu the admiration of learned Europe. 

Considering the phenomenon uuder all jKiints of view, M. Bravais 
completes the study which M. Arago had given to the polarization of 
light in halos properly so-called, by extending it to all the parts of me- 
teors of this nature. 

Equally skilled as an experimenter, and versed in the management 
of analytic formulas, he conceives an ingenious apparatus which, by the 
rajiid rotation of a transparent prism with vertical axis, represents with 
much exactness the multitude of needles or vertical flakes of ice sus- 
pended in the atmosphere, whose horizontal movement, disi>ersed in all 
directions, produces the greatest number of atmospheric illuminations. 
By means of this new instrumeut, and of artificial light, we are able to 
reproduce iu a cabinet of physics most of the phenomena of meteoro- 
logical o])tics. 

In Lapland and on Mont Blanc M. Bravais hail had numerous oppor- 
tunities of obser\'ing the crystalline forms of snow. He had often met 
with admirable cr>-stalIizationa of congealed water, and had always de- 
scribed them with a peculiar pre<lilection. In his memoir on halos be 
employs the notations aud formulas which represent the crystalline sys- 
tem of the ice, as one i)erl'ectly conversant with them and thoroughly 
master of their principle. But he did not stop there, and his studies 
eveutnally extended to the whole science of crystallography. 

Iu his view crystals are ataemblages of molecules, identical as regards 
one another, and similarly oriented or arranged, which — being reduced 
in thought to a single i>oint, their center of gravity — are disi>osed in 
rectilinear and parallel rows, in each of which the distance of two [mints 
is constant. 

Tbe points of an assemblage are aligned in rows, corresponding to an 
endless number of different directions ; but the knowledge of three rows 
not parallel and not comprised in the same plane is sufficient completely 
to determine the assemblage of which they form a part. An infinitude 
of aeaembki^ entirely different may be conceived. By a profound 
mathematical study H. Bravais had succeeded in discovering the de- 
grees of symmetry, more or leas great, of which they are susceptible. 
He finds the a,res and the planes of symmetry which they may present, 
and establishes that according to tbe number and arraugemcnt of these 
axes lUuX planes of symmetry, tha assemblages \yonstmsiag them are divided 
into tttx classes. By adding to these the asymmetric assemblages, in 
which there exist neither axes nor planes of symmetry, we have seven 
classes of assemblages. Thus are evolved the most simple aud general 
laws of the symmetry observed in crystals, and the adoption, in crys- 
tallography, of secen crystalline systems is a necessary consequence. Of 
this Haily had had an indistinct perception ; but be concluded that two 
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of the a/etema miglit be blpnded in Ji singlo one, and after him all crys- 
tnllograpbers bad admitted six crystalline systems only. M. Brarais 
demomtratea that it is necessary to return to tbe nnraber seven, and this 
demonstration, nccompanied by all the light wliicta results from a ge- 
ometric analytiis so profound as his, is no slight addition to the immor 
tal creation of Uaiiy. Lagrange and Laplace bad followed, in 1784, the 
lessons of the ingenious investigator of crystals, hut had been content 
with simxily admiring them. Tbe grounds of the heantifnl science due 
to his genius had never been studied from so high a i>oint and with so 
inucii generality as in tbe memoir of M. Bravais on the systems formed 
htf points ; a memoir to which our illustrious Canchy lias, in a remarka- 
ble re]>urt, given his most unreserved sanction. 

You do not expect rao, gentlemen, to enter here into the detail of pro- 
ceedings, tiiongh simple, yet rigorous, by which in a second memoir, en- 
titled Etudes crystallograpliiques, replacing empirical rules by the tbeo- 
ivins of geometry, M. Bravais deduced flrom his fundamental results 
all the formulas of crystallography with that marvellous facility which 
denotes almost iutallibility in the radical solution of the diflScultics of 
a subject. Being limited as to time I shall restrict myself to tbe state- 
ment that in tbe second part of this memoir, ceasing to regard the mo- 
lecules as points and considering them as small bodies, which be calls 
atomic pulyhedrous, be throws light upon the relations which exist be- 
tween these latter and the various crystalline systems. He reduces to 
simple laws tbe phenomenon, until then almost unknown, of the liemi- 
bedral, upon which our learned fellow-niembcr, M. Delafosse, in a justly 
celebrated memoir, has diffused unexpected light. M. Bravais demon- 
strates that he could exhibit twcuty-tive cases of hemihedral forms, of 
which only eleven had before been discovered, though these were for a 
long time amply snfiicient to exercise the sagiicity of crystallograpliers. 

Not forgetting dimorphism, one of tbe claims of Mitscberlicli to dis- 
tinction, nor the curious discoveries previously made by our ingenious 
fellow-member, M. Pasteur, M. Bmvaia, in a third memoir, gives the 
results of his equally successful labors on the peculiar form of crystal- 
lization exhibited in a minenil calleil macle and hi5mitropes, which had 
been in their turn a stumbling-block to tbe crystallognipber. About this 
time he was also at work n|>on investigations relative to the connection 
of atmospheric optics and crystallization, as welt as composing various 
memoirs upon subjects entirely diflereut, but relating for the most part 
to meteorology, some of which arc not the less remarkable from being 
outside of this branch of physical geography. 

He was endowed with a ri^inarkablo facility for all kinds of intellect- 
ual labor, and he possessed the rare liicultyof occupying himself at the 
same time with the most varied subjects : hydrography, navigation, 
astronomy, atmospheric optics, iihyslcs, properly so called, geometiy, 
crystallography J i>ure analysis, and natural sciences, were at once the 
subjects of his mvestigations. It might be said of him, notwithstand- 
ing the apxjarent opposition of words, that the universal was his spe- 
cialty. 

All his memoirs have received honorable notice in our " Comptea- 
Bendus,'" and met with merited success by their puhtication in the most 
esteemed scientific transactions of tbe day. They continually present 
ingenious and frequently profound conceptions, which are well worthy 
of special attention, but which, for want of time, I am not at present 
able to specify. The works of Bravais, taken in their totality, arc of 
immense extent, and 1 am forced to limit myself to a sketeh of the jiriu- 
cijKil treatise. As an astronomer, called uiwn to give an abridged idea 
of the flrmamcut, can only speak in detail of the stars of the first uing- 
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nitndc, so I muBt be content merely to mention nmong the works of M. 
Bravnis tliose whicU form bis cliief claim to tiie approbation of tlie 
Aciidemy, 

By liis investipationa on crj-stallograpby he associated his name with 
that of the immortal Haiiy ; from his ascension of Moot Blane he con- 
nected it with tliat of De Sanssure ; in his work on Lapland he was the 
worthy contiiiuator of the celebrated voyages of Leopold von Bneb, and 
of the profound studies of Hansteen. Ilia memoirs upon balos, parhe- 
lions. and upon the white rainbow, completed in the most happy manaer 
the theories of Mariotte, of Huygbens, and even, of Descartes and Jfew- 
ton. After sueli achievements, gentlemen, the name of M. Bra\'ai» eould 
DO longer remain separated from those of the members of the Academy. 
In the beginning of the year 1854, by the death of Admiral Roussin, a 

Klace was made vacant in the section of geography and navigation which 
[. Bravais was elected to fill. You were right in supposing that this 
was in your ranks the most befitting place for a sailor and a tniveler 
who had enriched by so large and so varied a mass of obseivations the 
domain of pliysical geography. 

Adnutteti to a seat in the Academy, M. Bravais testified hi-s gratitude 
by his assiduity, by the number and importance of his communications. 
Still he did not eiyoy as ho would have done several years previous, the 
honor, long and anlently desired, which crowned so worthily an ex- 
tended career of labor illuminated with flashes of genins. lie waf< n() 
longer what be had been; a visible change was wrought npon bim. A 
veil of sadness was thrown over that countenance, marked with open- 
ness, motlesty, and amiability. At the close of the year 1847 yi. Bra- 
vais was united in marriage to Mademoiselle Antoinette Montie, of 
Paris; and be fonnd in this union all the charms of a new life. His 
time divided between the pleasures of family intercourse and the con- 
tinuation of his works, he had never labored with more ardor nor taken 
a more active part in scientific enterprise. Independently of h'la innn- 
nierable publications, he had assisted in estidtlishiug the Annuaire M4- 
tA>rolo0qm de France, and was one of the principal founders of the 
Meteorological Society, which, at its first session, in 185^, elected him 
its annual president. But the year 1853, which preceded his election to 
the Academy, was for him one of disiistrous auspices. At the com- 
mencement of this fatiil year be lost his 'father, the venerable friend 
who, having been his first teacher, continued deeply interested in bis 
labors, reganling them with tenderness mixed with noble pride. Almost 
at the same time his only son was taken from him by an epidemic of which 
thefatalinfluencewas particularly felt at Parisamong children. This was 
a mortal blow, from which he never I'eeovered. Peculiarly susceptible 
to family affection, whicli was the charm and support of his life, with 
his father disappeared tlio enchantment of his earliest and sweetest re- 
membrances. One brother died soon after ; he had lost another ten 
years previous. With hislwlovpdcbildvanisbedforever the joys of pater- 
nity — labor still remained for him, and he apjriied himself wittiout re- 
laxation. Ho was stimulnteil by the desire to reply to the kind wel- 
come of the Aciidciny, and by the conusels of his friends, who endeavored 
to win htm b^' work from the remembrance of bis grief«. He finished a 
number of memoirs containing important results, and evidently went - 
beyond his strength. Unceasing labor soon began to tell upon bim. 
Sleep fied fi'om his eyelids during the night, and overimwcrcd him 
during the day. This was in accordance with his feelings. lie wished, 
as in his cabin of the Txtiret, to consecrate his nights to work; be even 
desired, as in Lapland, to vanquish sleep by cofliee; but his organs no 
longer retained the flexibility of youth. 
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Madame Bravais was convinced that labor would be a salutary diver- 
sion for licr husband, white at the same time she dreaded excessive 
fatigue. Tenderneas came to lier aid and prompted her to resort to a 
plan to a\-oid this evil. It was a charming and at the same time heart- 
rending sight to see her as early as four o'clock iu the morning assisting at 
his tahle; forgetting her own griefs, by tarns endeuvoring to moderate 
his ardor, and to raise his waning courage. But tlie evil coiitiauaDy in- 
creased, the work no longer amounted to any thing; memoi-y was at 
fault; lie could no longer recover the ingenious ideas which ho had pre- 
viously remembered without committing them to paper. IIo wished to put 
the last touches to a large memoir upon mirage, which would have com- 
pleted his labors on meteorological optics, and which, with his usual 
modesty, he pronounced the most imperfect of his works, lie corrected 
it; he curtnllei.1 it; he spoiled it, and, alas, finally made the sad discovery 
that it was imitossible for him to complete it. Thodnrknes-sof the night 
seemed to shroud the intellect hitherto so active and brilliant; lie lett 
the Polytechnic School for ever, and we ceased to see him among us. 

A well-kTiown disease developed itself, accompanied with fever and 
great suffering. He was sifstained in this trying period by deep re- 
ligious sentiments, the unalterable sweetness of his character manifest- 
ing itjielf iu a wonderful resignation. 

Madame Bravais went with him to Versailles. She obtaiucd quarters 
at the entrance of the park, and later neai' the Bois dc Vaiicresson and 
of Lamarche, changing her residence as often as was needful, in order 
to obtain new and picturesque situations. This at first seemed to please 
him, but at length ceased to produce any effect. He still took quite long 
walks with bis IViends, who remained faithful to him iu his misfortunes, 
particularly with Doctor B^rigny, ctrilaborator in the Annuaire Meteo- 
roloffiquc, whose unceasing devotion continued to the end. He retained 
his strength, and preserved all the sweetness and kind expression of his 
countenance, but his memory was gone beyond recall. He recognized 
neither objects nor individuals, perhajjs even did not always know dis- 
tinctl.y the one who became to him a tender mother, consecrating her life 
to relieving his sufferings, and administering to his wants. 

Some glimpse of tight occasionally pierced through this emel night, 
and ga^e rise to hopes which unfortunately were destined soon to vanish^ 
One day ho saw, on entering his chamber, his uniform as a marine 
officer, hanging over a chair; his face brightened, and a tear escaped 
from his eye. Another day ho smiled on receiving a bonquet of wild 
Sowers, which his sister had gathered for him and laid upon his knee. 
This was the hist snule of oui' fellow-member; he passed away on the 
30th of -March, 1803. 

Madame Bravais only left her pillow to pray near his coffin. The 
tomb alone separated her trom one to whom for seven years she had 
been as a guardian angel. Having lost all whom she loved on earth, 
her only son ami her husband, she felt as though there was uo longer 
a place for her in the world. She embraced a religions life in a convent 
belonging to one of the most anstero orders, where happily she has found 
oonsolation in her devotion and in the assurance which has been givea 
her that the threads which were broken upon earth will be united in 
Heaven. 

Gentlemen, may the honor which yon bestow today on the remem- 
brance of a dearly beloved husband penetrate into this asylum of grief, 
and become a balm for a wound which even time wilt not have power 
to heal. The voice of the heart is heard under theae sacred vaults, 
where the voice of the world may not penetrate. 
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The family of the celebrated botauist and etlmologist, to wbose mem- 
ory this sketch is dedicated, traccK its origin back to Oaleottus Mar- 
tius, a famous physician and astrologer, born in 1427, at Narni, in 
TTmuria. About the year 1450 he occupied a professorial chair at 
Padua, but, persecuted by the luquisition on account of reformatory 
tendencies aud compqjled to leave Ita>.r, he subsequently went to the 
court of tbe learned King Matthias (Jorvinus of Hungary, who ap- 
pointed him bis counsellor and librarian. The descendants of (laleot- 
tns mostly spread themselves over Oermanyj and many are known to 
have pursued learned professions, thus forming an ancestry worthy of 
their distinguished successor. 

Carl Frietlrich Philipp von Martins was bom on tbe 17th of April 
1T94, at Krlangen, Bavaria, where his father, Ernst WiUielm Martins, 
owned an a^iothecary establishment, holding at the same time the po- 
sitioD of honorary professor of pharmacy in the university of that city. 
A man of sui)erior general acquirements, he was especially interest^ 
iu botany, niid baa left some writings relative to his favorite study. At 
the advanced age of ninety, he published an interesting and well-writ- 
ten book, containing jrccollections of his long and eventful life. He 
died in 1840, iu his ninety-third year. 

His eldest son, the subject of this sketeh, was carefully educated ab 
borne and in tbe schools of Erlangeu. At an early age he already dis- 
played tbe germs of those talents which afterward made him conspicu- 
ous in the world of letters, and, wheu still quite young, he manifested 
adeterminetl resolution to devote himself to a scientiflc career. Though 
bia juvenile inclinations leaned toward natural history, he also exhibited 
much taste for tbe study of ancient classics, a tendency which, nurtured 
by skilltul teachers, not only developed and strengthene<l his intel- 
lectual capacities, but also enabled him, when in after years he 
composed many of his writings in Latin, to express himself in 
that language with a precision and elegance not often met with 
in our time. In fact, during his whole life the reading of Latin 
and Greek authors formed one of his principal recreations. When 
only sixteen years of age, Martins was admitted, in 1810, as a 
student in the nniver»ity of his native town. He had decided to 
prepare himself for the medical profession, chiefly because this study 
afforded bim the widest field for indulging in his love for natural 
sciences. His favorite branch, botany, was tlien tanght at Erlangeu by 
a pupil of Liuuieus, the learned Schreber, who iloes not seem, however, 
to have been gifted with a happy method of imparting information; 
hence Martins and his fellow-studcuts felt more attracted by tbelectures 

'N'OTE.— It is but fair loatatetlmtinoHt of tlio facts con tail) eil in IhiBakelchhnvc been 
fhrninhed by C. F. Meiunor's Deaktehrifl aaf Carl FrieiJr. Phil, voa ilarlias, (MiinJcli, 
1869.) Ttio article Carl Fhilipp von MarliHt, lein Ltben ttnd uin LiMuugea, in tho 
AmUmd, (No. 38, ldG9,) boa also been used. 
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of other professors of the univergity, such as Hildebraodt, Harless, 
GoWfiias, Vogel, Wendt, and others who flourished at tliat period. In 
1814 Martius received the diplntna of doctor medicitue, having passed 
with liouors the esamination uecessar^' to obtaiu that grade. His in- 
augural dissertation was a critical catalogue of the plants in the botan- 
ical garden of Erlangcn.* In this first literary attempt, which forms an 
octavo volume of 210 pages, he followed the classification of Linufens. 
Shortly afterward we find Martius among the Mres of the Royal Acade- 
my of Sciences at Munich, deeply engaged in botanical studies, and 
appointed o^istant to Schrank, the conservator of the botanical ganieu. 
An excellent opportunity being thus offered to the young botanist of 
enlarging the knowledge alrea<ly acquired, he devoted himself with en- 
thusiastic zeal to a pursuit that harmonized so well with his taste. 
While in this position be published his Flora Cryptogamica Erlangensii, 
[Norimbergm, 1817,) a work already begun at Erlangeu, which embraced 
liis first independent investigations, and attractei^by its merits eousid- 
erahle attention from competent botanists. Hia snperior talents, com- 
bined with an indefatigable industry and excellent personal (jualities, 
could not fail to endear him to the older members of the Academy, men 
eminent in their special departments of science, whoexerted a most bene- 
ficial and lasting influence on his mind. Indeed, he was placed in an 
enviable position ; fortune smiled on him and smoothed his path to dis- 
tinction. One circumstance, however, must be particularly mentioned 
in this place; for it is that on which his future success in life chiefly 
depended. The King of Bavaria, Max Joseph I, an ardent lover of 
botany, frequently visited the botanical garden of his capital, on which 
occasions he usually selected Martius for his companion and guide. 
Thus becoming acquainted with the young naturalist's acquirements 
and talents, he honored him with his special favor, and seized upon 
the first opportunity of showing his good will in a practical manner. 
This excellent monarch had for some time conceived the plan of sending 
scientific explorers to South America, and in 1815 he had ali-eady con- 
ferred with the Academy in relation to this matter; yet two years 
elapsed before the realization of his design. In 1S17, when the Austrian 
Archduchess Leopoldina, the bride of the crown-prince of Brazil, after- 
ward Emperor Dom Pedro I, was about to depart for the New World, 
Mett«niich caused some Austrian savants, charged with scientific labors 
in Brazil, to be added to the suite of the princess. The Bavarian gov- 
ernment, wishing to profit by this occasion, asked, and was granted, 
permission to send in the same vessel two naturaUsts, who, upon their 
arrival in South America, were to carry on their investigations inde- 
pendently of the Austrian corps. For tliis purpose Max Joseph selected 
OS botauist his gifted proteg4 Martius, then a yonog man of twenty- 
three, and Johann Baptist von Spix, a member of the Academy, who 
was to take charge of the zoological department. On the 2d of April, 
1817, the party left the harbor of Trieste in the Austrian frigat« Austria, 
and touching at Malta, Gibraltar and Madeira, reached llio Janeiro, 
after a prosperous voyage, in the middle of July. One may easily 
imagine the feelings of the two travelers, especially of the youthful and 
enthusiastic Martins, when they stood upon the soil of the wonderful 
country that lay before them with all its treasni'es of nature — the very 
El Dorado of a naturalist, then far less explored than at the present 
time, and promising the richest harvest iu every field of natural science. 
OiT the 8tb of December, 1817, the two Bavarian savants set out on 
their expedition into the interior. Having flrst visited the province of 
■ PtaUarum Horti Joaieutici Erlangmtit Enamratio. Erlanga^VffAW I C 
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San Paolo, tUej- passed in a northeasterly direction tbrou{;li tbe |>rov- 
ince of Miiias Geraes as far as Minas JJovas ; tlien tlirougib tbo Serra 
Diumaiitinu, toucliing tlie province of Goyaz, when they turned agaiu 
toward the northeast and proceeded to Sau Salvador, the capital of the 
province of Bahia. They arrived tliere in November 1818. After a 
short sojourn at this })lace, and having visited the Botocudos and other 
adjacent Indian tribes, they continued their journey towanl the north, 
traversing tbe provinces of Peniaoibaco, Piauhy, and Maranhao, until 
they reachetl San Luiz, situated at the inouth of the Itapicuni. From 
there tbey went by sea to the estuary of the Amazon Biver, arriving at 
Pam iu June 1819. They then ascended this mighty stream for more 
than two-thirds of its length, as far as Tabatinga, close to the fiontier 
of Peru. The travelers having separated for awhile to visit difterent 
parts of this region, Martins explored one of the tributaries of the 
Amazon, the Kio Japur^, (Yupurd) until be arrived at the cataract 
Salto Grande de Araracoara, which impeded a further advance. The 
larger afSncnts of tbe great ri^-er, the Kio Negro and Rio Ma<lcira, were 
likewise explored some distance, tbe latter as far as the districts of the 
Muntlrucu and Maub4 Indians. It must be remembered that the navi- 
gation of those waters, which is now greatly facilitated by steam ves- 
sels, ha4l then to be performed in hired or purchased boats, which, being 
manned with Indian rowers, adbrded hardly room for tiie travelers and 
their ever increasing luggage, and offered no other protection against 
the burning equatorial sun and the heavy rains but a slight cover con- 
structed of boughs. Amid a multitude of inconveniences, and some- 
times exposed to real danger, they had to keep their journals, and to 
pre)>are and preserve the natural objects obtained during their excur- 
sions on the banks ; yet the collections they brought back, which now 
enrich tbe museums of Wunicb, bear evidence of their great success." 
Descending the Amazon, they arrived again in Para in tbe middle of 
April I8'2f>, Two months afterward they embarked for Lisbon, and 
reached Munich in December 1820, after an absence of nearly four years. 
Tbe expedition of Spix and Martins certainly ranks among the most 
important enterprises undertaken for scientiflc purposes iu this century. 
Their explorations extended over a distance of nearly one thousand 
four Inindred geographical miles, and have, like the travels of Alex- 
ander von Humboldt, furnished the material for numerous works em- 
bracing many departments of science ; indeed, the period of nearly half 
a century, which bas elapsed since the return of the naturalists, was 
not sufficient for fully developing, and giving to the scientific world, all 
results of their researches. Since La Condamine descended tbe Ama- 
zon, Spix and Martina were the first learned Europeans who visited 
those mighty waters; and though others had previously explored cer- 
tain portions of Brazil, the country, on the whole, still remained com- 
paratively unknown. Hence tbe importance of the Bavarian expedi- 
tion. The names of Spix and Martins are intimately connected with tbe 
natural history and ethnology of the empire, and will be gratefully 
remembered in future times by all those who take a scientific interest in 
that country, or wish to inform themselves concerning its condition in 
the early part of our century. 

' BeHules valuable minoroliiKical ami eeologicnl specimens, their collections ombraeed ! 
■nammalB, S&apeciea; birds, 350; aii:ipliibia,130; fiabc8,I16; iDsectij, 2,700; unicbiiidae 
nml cmataceaus, cocli 50 : plants, about 6,500. The latter, mostly ruprewiiited by bov- 
eml specimenB nud caTofulty preserved, constitute now tbo moat vuuable purtlon of 
the lojal berborium at Municu. Tb« botanical sonlea also received its shure, partly 
in living plants, partly in snch na were raised trom the collected seods. . The b^oIb, 
waa placed undet tbe cate of tbe Acodemr. i Vii,K>,;n^ 
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The Brazilian voyage laid tlie foundation of Martina' future Buecess. 
On the very day of tlieir return, he and Spix were decorated by the 
King with the civil order of Bavaria., and shortly afterward Martius was 
elected a member of the Royal Academy, and appointed second con- 
servator of the botanical garden. At the age of twenty-six Marlius 
already enjoyed a reputation which, in common life, is usually only 
acquired by men of riper years ; for not many are favored witli advan- 
tages Bueli as were offered to him. His sojourn in a countrj' perfectly 
new to him, and hence the necessity of acting iudei>endeDtly, had made 
him self-reliant and practical, while the number of objects constantly 
claiming his attention had served to quicken his power of perception, 
and to develop ail those qualities which, when combined, constitute the 
true naturalist. His exporieuces in the wilds of Brazil were to him a far 
better school than many years spent in constant closet-study. 

His return from Brazil marked the beginning of a long-contiuued lit- 
erary activity, resulting in highly important works, to which reference 
will be made hereafter. As an event of this period we have also to 
record his marriage with an accomplished lady of noble descent, a union 
which gave him a home and a family, and promoted in no small degree 
the happiness of his existence. The domestic circle wasto him through- 
out life an asylum of peace and contentment, where he rested from his 
professional labors, et^ioying the society of his family and of numerous 
friends who loved to gather under his hospitable roof. A great change 
occurred in Martius' position in the year 1820, when King Ludwig I, 
who had ascended the throne of Bavaria, transferred the university of 
Laudsluit to Munich, and appointed him professor of botany. Six years 
later, the first conservator of the botanical garden, Von Sclirank, being 
then very old, retired from ofiQce, and Martius was installed in his jilaco. 
He was eminently qualified for discharging the duties now incumbent 
on him. Perfectly acquainted with his science, he possessed the faculty 
of presenting it in an easy and attractive manner. He spoke with ele- 
gance and fluency, and sometimes, when carried away by the subject, 
his eloquence even partook of a poetical character. For practical de- 
monstration the botanical garden, carefully superintended by Martius, and 
the herbarium, afforded ample means, to which must be added frequent 
botanical excursions undertaken in company with the students, with 
whom he entertained very amicable relations, gaining their affections 
no leas by conscientious instruction than by the benevolent, paternal 
friendship he bestowed on them. Among the number of his pupils who 
became prominent, may be named Alexander Brann, Hngo von Mohl, 
Carl Schimper, O. Sendtuer, C. H. Bchultz Bipontinns, and Spring. 

In. 1840 Martius was elected secretary of the pbysico-matheiuatical 
class of the Academy, an honorary office imposing much labor, which 
he performed until his death with care and punctuality, and great iwi- 
vantage to that scieutiflc body. By this position he was charged with 
all correspondence and literary exchanges with other learned institu- 
tions, and whenever a foreign or resident member of the Academy died 
it was bis duty to deliver an address commemorative of the life and 
merits of the deceased. These eulogies have been much admired for 
the excellent style in which they are composed, and the skill displayed 
in the general treatment. They are deemed fully equal to the celebrated 
iloffes by Cuvier and Flonrens.* 

' The eulogies Tuai by Martiiis ore contained in an octavo volnme of 619 pages, 
eotitlod Alcadeinuclvi Dmkredm ton C. F. Ph. ron Martiia, (Leipzig, I860.) Tliosu of a 
Inter date (on Faraday, Brewster, Floureos, &x.) were palilished In the traasactioiia of 
tlie Academy of tbe year 1868. 
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For tUe rest, the professional career of Martius is not marked by any 
striliing incidents. Lectures, literary labors, and tbe gnperinteudence 
of the botanical garden fbllj occupied his time, and bis tsavels, after 
the American voyage, extended iiot farther than France, Belgium, Hol- 
land, England, and Switzerland. He used to spend his summer vnca- 
tious in the picturesque Bavarian mountains, especinlly nt Seldebdorf, 
on the Kochel-See, where his hospitable house formed a rallying-place 
for his numerous friends, who remember with feelings of gratitude tbe 
days passed there amid delightful natural scenes and in a highly intel- 
lectual, refined society. Though of a vigorous constitution, Von Martins 
was in later years subject to those clironic indispositions which usually 
result from the sedentary habits of men of letters, and he fonn<l himself 
therefore obliged to resort repeatedly to watering places, esiweially to 
the mineral springs of Eissingen. The salutary effect derived from the 
use of these waters was in some measure eounteracte<l by the bustle 
and distractions peculiar to such localities; for, meeting uiere distin- 
guished friends, and beiug, moreover, natui-ally inclined to social life, 
the mental excitement produced was rather unfavorable to the improve- 
ment of his physical condition. 

In the year 1854 an unexpected event caused the premature termina- 
tion of Martius' official activity. It was decidetl by the government 
that the glass building for the industrial exhibition then to bo held at 
Slunicli should be erected within the area of tbe botanical garden, 
which had but lately undergone great improvements at a sacrifice of 
much time and labor. It was in vain that Martius remonstrated against 
a measure which threatened his beloved institution with serious disad- 
vantages, and when he found his objections anavailing, he linally re- 
signed, deeply disappointed, both his professorship and the superintend- 
ence of the botanical garden. 



The literary activity of Professor Von Martius was very great. Tho 
writer has in his possession a printed list of his works and minor writ- 
ings, which embraces no less than one hundred and sixty titles. A 
number of these publications are written in the Latin language, and 
most of them, of course, relate to botany, his specialty in science; but 
there are also valuable contributions to ethnology among them. In 
treating of liis merits as an author, it is proper to mention first the nar- 
rative of the Brazilian voyage pertbrmed by him and Spix." This is a 
substantial and most carefully prepared work, in three quarto volumes, 
accompanied by an atlas of large size. The volumes apiwannl i-esj^ct- 
ively in 1823, 1828, and 1831 ; apix, however, died in 182(J, and hence 
the two last volumes were almost entirely written by Martius alone. 
Every one who examines this work must be struck by the vast amount 
of varied infonnation it contains, for the travelers directed their atten- 
tion not merely to the natural history of Brazil, but investigated also 
with searching care everything else within their reach which they 
deemed worthy of inquiry. The nature of the country, its productions, 
different races, social condition, commerce, agricultnre, mining, statis- 
tics, &c.. are treated with a surprising minuteness, and, where the sub- 
ject is ot an elevated character, in a superior style, which has repeatedly 

* Sdu in Braiilien, auf Be/ckl Sr. Majetlat ilarimiliaii Joteph I, ESniga run Hantm, in 
dm Jahren 1S17, 181S, 181*1 uiuf 1830 gemaekl, nnd beachriebea ron J. II. ton SpU Nnd C. F. 
Ph. TOB MaFliat. Three vols., ito; Munich, 1823-31; wilb an atlas. 

Tbete U aa Englisli traiiHlation of tho first volnme by H. E. Uojil; London, L8S4, 
S vols,, 8vo.; plates reduced to tbe uee of tbe voIomeB. 
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elicited the praise of Goetbe, the great master of German comiK>sitioa. 
lu fact, certaia portions of the work, Buch aa give the impressions pro- 
dnceil upon ttte travelers by tlie snblime iiatunil scenes of Brnzil, have 
passeil into collections containing model pieces of German prose.* The 
large atlas, ornamented with a well-executed allegoiical title-page, 
comprises maps, orographical diagrams, panoramic views of mountain 
chains, Landscapes, representations of tj*pical animals and plants, and 
quite a number of plates illustrating the domestic and hunting life, the 
feasts, dances, and ceremonies of the aboriginal inhabitants. Their 
fabrics and arms are figured on two plates. In addition, there are many 
faitlifally executed, large portraits of Indians of various tribes, exhibit- 
ing their peculiar features aiid the curious manner in which they dis- 
figure their ears, lips, and chins by the insertion of ornaments. Of 
particular interest are some plates containing representations of figures 
sculptured on rocks, as affording the means of comparing the pictogra- 
pliy of the Brazilian aborigines with tliat of other indigenous inhabit- 
ants of the American continent. 

On tlie whole, the narrative of Spix and Martins is one of the most 
important and comprehensive works of travel published in modem 
times, equaling in merit the researches of Humboldt relative to Mex- 
ico and other parts of America. It will remain a lasting monument of 
the zeal and i>erseverance of its anthors, and an honorable testimo- 
nial to the enlightened prince who brought about its realization. 

Simultaneously with the account of their travels, Spix and Martius 
began to prepare their strictly scientific works on the botany and zoo- 
logy of Brazil; the former department^, of course, being in charge of 
Martius, while Spix treated the subject of zoology. But as Spix had 

* We cannot refrain from inacrtiiig bere, as a, spccimeu, tUo de8Cri|>tioii of evenings 
spent at the country lionso of Mr. Vou LangsdorB, near Kio Joueiro: 

" Nothing can bu compared to the beauty of ibis retreat when tho most sultry hoara 
of the day are post, anil gentle breezes, inipregnated witb balsomie perfumes f^ni the 
neighboring ivooded mountains, cool tlie nir. This enjoyment eontinnos to increase ns 
the night spreads over tbo land and the sea, wbieh shines at a distance, and (he city, 
wberu tbu noise of business bas subsided, is gradually ligbteil. He wbo has not per- 
sonally experienced the enchantment of tranquil inoonJight nigbts in these hatipT 
latitudes can never bn inspired, even by tbo most faithful descriiitiou, with those ieel- 
ings which scenes of such wondrous beauty excite in the mind of tho beholdor. A 
delicate, transparent mist hangs over the country, tho moon sbines brightly amidst 
benvy and singularly grouped clouds ; tho outlines of the objects which arc itlumiuated 
' '' are clear and well doflued, while a magic twilight sooms to remove from tbu eye 
. ... wbicb are in the shade. Scarce a breath of air is stirring, and tbe ueigbboring 
mimoaaa, that hare folded up tbeir leaves to sleep, stand motionless beside tbc dart 
crowns of tbo mauga, the jaca, and tho ethereal jambos; or soraetimes a sudden wind 
arises, and tho Juiuelesa leaves of tbe aci^ju Tustle, tbe richly flowered grnmijama and 

Sitanga tot drop a fewrant shower of snow-white blossoms; the crowns of the lua- 
'stic palms wave slowly over tbe silent roof which they ovcTsbode, like a symbol of 
peace and tranquillity. Shrill cries of tho cicada, the grasshopper, and tbe treo-IVoe 
make an incessant hum, and produce by tbeir monotony, a uleasiug melancholy. A. 
stream, gently mnrmu ring, descends from the mountains, and the macuc, (I'erdrix'guga- 
nensis,) with its almost huuian voice, seems to call for help from a distance. Every 
quarter of an hour difforeat balsamic odors fill the air, and other flowers alternately 
unfold their leaves to tho night, and almost overpower the senses with their perfume; 
now it is tbo bowers of paullinios, or the neighboring orange grove, then the thick 
tnfts of the eupatoria, or the bunches of the flowers of the palms, suddenly bursting, 
which disclose their blossoms, and thus maintain a constant succossion of fragrance. 
While tbe silent vegetable world, illumtnated by swarnts of Grc-fliea, as by a thousand 
moving stars, charms the night by its delicious effluvia, brilliant lightuings play 
Incessantly in the iutrintix and elovato the mind in joyful admiration to tbe stars, 
which. Blowing in solemn silence is the firmament above tbe continent and ocean. All 
tho soul with a presentiment of still sublimer wonders. In the ei\)oyment of the 
peaceful and magio inflnence of such nights, tlie newl^-arrivod European remembon 
with tender longings his native home, till the Inxnnant scenery of the tropics liaa 
become to him a second country." — (English traualation, voL i, p. 160.) 
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died in 182C, the assistance of Agasaiz, Perty, and Andreas Wagner 
was required to eontinue Ibe zoologicul labortj, which resulted in the 
publication of several folios with beau tifuUy executed plates. We men- 
tion the following: 

New speeies of Brazilian monkeys and hats, by S]>ix." Kew spe- 
cies of lizards, snakes, turtles, and frogs, by Spix.t New speeies of 
birds, by Si>ix.} Fluviatilc testaceaus, by J. A. Wagner.5 Fishes, by 
Agassiz.|| Insects, by Perty.fl 

lu treating of the Brazilian flora,** Martins first confined himself to a, 
selection of the plants collected by him, which he described in two 
works, entitled JV()»a Genera et Species Planta rum BrasilienaiumW and 
leaner ^lectic Plantarum Cryptogamicarum Brasilia:, fi In the prepara- 
tion of the first volume of the Hrat-named work, which describes the 
phanerogamous plants, he was assisted by his too-early deceaKed col- 
ledgue Zucoarini. The object of the Icones Selectre, rfr,, is iudieated in 
the title. To the latter work Hugo von Mohl contributed an excellent 
treatise on the structure of the stems of tree-ferns. Both works are 
highly esteemed. They contain fnll and precise descriptions of single 
plants as well as of whole series aud groups of kindred s[>ecies ; and it 
is particularly worthy of notice that many of these monographie trea- 
tises have laid the foundation of a thorough knowledge of the plants 
to which they relate. The drawings of whole plants and their aniitom- 
ical details are executed with a degree of faithfulness and art surpass- 
ing almost anything of a similar character that had previously api>eared 
in the literature of botany. 

As early as 1823 Martins began the publication of his " Natural His- 
tory of Paiina,''55 a work which is con.sidered his most important contri- 
bution to botJiny, and that by which he has most conspicuously linked 
his name for future times with that science. At the first sight of these 
miOestic trees, which Linnceus already had designated as the " princes 
of tbo vegetable kingdom," he conceived the plan of making them the 
object of his special observation and scientific treatment. He, there- 
fore, studied with attention the many species of palms he saw during 
his travels in Brazil, and collected after his return from that country 
with the utmost diligence all the material concerning the palms of other 
j>arts of the world, which was required to render his work complete. 
He thus succeeded, after the labor of many years, in producing a mouo- 
graph unique in its kind, which caused Alexander von Humboldt to 
exclaim, " As long as palms are known and mentioned, the name of 

' Simiontm et I>«per<iltaniun BTantieanim Speaea A'anc. Ed. J. B. de Spii. MoHockii, 
1623. iMTf^e fulio, with 36 colored plates. 

t Aninalia A'ani, a. Speciet Xorie Larvrlarum, Serpejitum, Tetludinum, Sanarum, quat in 
/(iiure per PraMliam a. IBU-'-XI tvtctpto, coUtgit et detaipnt J. B. dt Spii. Monaxhii, 
ie24-'3». Folio, with 95 colored plates. 

t Atiam Spetie» 2foD<t qua* in Ilinere per Brtuilktm a. 1817-'30 tiitetpUi mllrgil el dacrip- 
lit J. B. dt Spix. JfonooUi, 1824-''^. Two volames folio, with 115 and IIH colored 

j Tttlaira FluciatiJia qua eolUgit J. B. de Spix, deieriptil J. J. Wagner, edd. F. 

a Paula de .Schrank et C. F. P. de lUaHia$. MomuAH, 1H27. Folio, with 29 colored |ilat«B. 

I Selrcia Genera el Specie* Pitcium quo» colUgit el pingendot euravit J. B. de 

Spix, digrtail L. AgoMis, ed. Marliua. JfonacAii, 1829. Polio, nith pUtea. 

5 Deleetui ^nimaliunt ArticuUttorum qua ooilegerunl Spix et ilartiu4, dncrlptit 

Max. Ferty, ed. Martial. Monachii. IS^S-IH. Folio, with 40 colored plates. 

** Not lieiag a botanist himself, and conseqiiently imacqaaiDt«d with moit of the 
works mentioned hereotler, the writer keepe closely to thu statements given by Pro- 
fessor Mt'isMner in his DeniidiTifl. 

tt Motiaehii, l^iA-'m. Tbre« volamea folio, with 300 colored plates. 

tt MoiuKhii, l*fi&-"il. Small folio, with 76 colored plates. 

^4 Uittoria NaUrali* Palntarum. Manaehii, 1823-'50. Three volames imperial folio, 
with 245 plates, partly colored. 
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Martins will not be forgotten t " Certain specialties embraced in tliis 
large work were treated by skillful co-laborers : tbe anatomy, by U. vod 
Mohl ; tlie fossil palms, by Uiiger ; and a part of tbe morphology by 
Alex!iuder Braun and O. Sendtnor. 

While the preceding works were commenced and in progress, IkEartiiis 
entered upon another literary undertaking of still larger extent, namely, 
the systematic enumeration and descriptiou of the whole dora of Brazil. 
But as a labor of such magnitude could not be carried out without the 
assistance of persons iu high stations, the patronage of King Ludwig I, 
of Bavaria, and of the Emperor of Austria, Ferdinand I, was success- 
fully solicited, and the work, commenced under their auspices." The 
Emperor Dom Pedro II, of Brazil, afterward united his aid to that of the 
two German sovereigns. At tbe outset Martins had secured tbo co- 
operation of competent botanists, each of whom was to take cbiirgeof a 
certain portion of the work; and their uuited eflforts resulted in the 
publicutiuQ of the Flora Bra«iHeniiis,\ one of the greatest litiTiiry achieve- 
ments of our time. The work was commenced in 184U, and though yet 
for fi-om completion, already consists of fortyseveu i»arts, with more 
than ekvcn hundred plates in folio. Notwithstanding the ample mate- 
rial which Martius had at bis command, the researches jiecessary to 
arrive at full and satisfactory results extended over many botanical col- 
lections of Europe, aud everything iu the shape of manu-seripts and 
dniwings bearing on tbe subject was f^ritically examined and used wbeu 
found available. The immense work connected witli the editing of the 
Flora prevented Martins fix)m participating conspicuously in the botan- 
ical labors themselves; yet be has furnished two entire monographs 
(AuouaceiB and Agaveie) and many highly valuable additions relating 
to the geographical distribution and the use of the plants described. 
In view of the imjmrtaDt bearing of this publication ujKtu the develop- 
ment of the vegetable resources of Brazil, tbe ambassador from that 
country to tbe court of Vienna lately sjtent some time at .Munich, in 
order to confer with Professor Vou Martius concerning the completion 
of tbe work. The Brazilian government agreed to pay lOOjOOO florins 
for that purpose ; but as Martius was already far advanced m years, ho 
thought it expedient to appoint, in the person of Dr. Eichler, a successor 
to superintend the publication in case of bis decease. Thus the work 
will suffer no interruption.J 

* It must Dot be left, annottced that the p.ttronage of the Emperor of AnstriiL in thia 
cose woa owing to the inlluouce of Princo Muttcruich. Tbts much-abiisml xtateamiui, 
it la well known, took n live); interest in the promotion of ecieuco. His letters to A. 
von Ilumholdt, contained in the coiroBpoadeaGe between Uamboldt aud Varuliagon 
VOD Ense, bear wituvss to tbe fact. 

t Flora BratUienm, i. Enumeraiio Flanlaram in Bratilia haettmu detivtarant giuxt 

tdidtruHt C. F. Ph. de Martial et St. L. Endiicher. Findob. et Up$., liW-'&i, fate. 1-47, 
folio . Tbe first nine parts were edited by Martina aud Endlicber ; the rest, after 
Endliclicr's death, by Martius alone. 

t Of Martius' uumeroos less extenBive pnbUcations relatmg to botany wo will men- 
tiou only tbe following: 

Serbariam Flora BraiilUtuii. Monachii, 1637-40. — S^tUma Jdatrria Medifot VegelahHia 
Bnualitnmt. {&^: Leipzig;, 1843.) This isn systematically arranged ennmeriktiou of the 
plauta used for mediciual purposes by tlie lubaljitants of Brazil. Tho preparation, 
manner of application, and effects are carefully described. This work boa been trans- 
lated into the FortutraeEsc langiia;^ by H. Velloao d'OIivctra. Bio de Janeiro, m&4. 

Sptcimen Materke Mediea Bratilienna (in voL ix, of tho Memoirs of the Academy of 
Scieuces.) A number of articles likewise relatiug to tho medicinal plnuta of Brazil and 
their uxes were published in Backuei't Reperioriimi der Pkarmacie. 

Worthy of especial mention is a publication on the potato-rot: Die Eartoffet-EpidemU 
der :el::!en Jahre (Munich, \%i2. 4°. With plat«B.) Martius was the first who uotic«d 
in the diseased fruit a microscopic funsus, called by lilm FiuifpoiiuM iclani. Ue 
accounted for the spreading of the rot by tlio trausmissioa of tbe stiores of that fungus 
to sound potatoes. 
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Having given some accoant of Martius' more important botanical 
labors, we nill briefly allude to bis great merits as an ethnologist. 
Duriog bis travels in Soiitb America be became deeply interested iu tbe 
aboriginal tribes, and collected, in conjunction witb bis traveling com- 
panion, many valuable fivcts relating to tbeir mode of life, relationship, 
langnages, migrations, &c. It has already been stated that a consider- 
able portion of the " Travels in Brazil," by Spix and Martins, is devoted 
to the ethnology of that country. Martins, however, published Kubse- 
quently fievenU valuable treatises relating to ethnological subjects, 
^hieh will be mentioned hereafter; but his most imjtortant ethnologi- 
cal work, entitled Beitrii/je zur Ethnographie und Sprackenkunde Amerikas, 
zumal Brasiliens, (Leipzig, 18C7,)* which was published shortly before 
his death, and therefore contains his matured views, deserves particu- 
lar notice. The Beitrdge comprise two octavo voliune.s, the first of 802, 
the second of 54S pages.. An ethnographic map is added to the first 
volume. Its contents are: 

1. Die Vergangenheit «itd Ziikvnft der amerilaniscken MenBchhcit,i a 
lecture delivered in 1838, at a meeting of German naturalists and pby- 
sicians, and first published in 1839. 

li. A republication of the admirable treatise Von dem Recktszustande 
vnter den Ureiiiwoknern Brasiliens,X first published in 1832. This is cer- 
tJiinly one of the most interesting essays ever written on American 
ethnology, although Martins' view of a degeneration of the Brazilian 
Indians from a higher state of civilization may be contrary to tbe 
opinions of many anthropologists. 

3. The remainder of the volume (pp. 145-801) is taken up with a 
description of the native tribes who inhabit Brazil and the aii^ncent 
regions. It is minute, accurate, and vivid, much more full timn Waitz, 
and enriched by numerous personal observations. Martius is a believer 
in the gradual extensiou of ttie Tupi laugiiage and blood from the head- 
waters of the La Plata northward, quite to tbe Antilles and Baha- 
ma.s.§ 

The second volume, entirely devoted to South American languages 
conluins over a hundred vocabularies; wbich are arranged iu allied 
groups exhibiting tbe affinity of tongues. Being of the utmost import- 
ance in tracing the relationship of nations, they furnish highly valuable 
material to the student of American ethnology, ^any of these vocab- 
ularies are from manuscript sources, lu rendering the aboriginal words 
the Latin, Fbrtugnese, Oennan, and French languages have been 
employed. The articles Pfimizennamen in der Tupi-lSprache\\ and Titter- 
namen in der Tupv-SpracUe/^ first printed, respectively, in 1858 and 18C0, 
are republished with additions iu this volume. 

Besides the above-mentioned ethnological essays reprinted in the 
Beitrage, Martius, as stated, has left some other contributions of kindred 
character, which appeared in periodical publications- We give hero the 
following titles translated into English: On the sculptures on Mount 
Gabia," near Rio Janeiro,*^ OnBuschmanu's work — " Tbe traces of the 

* Ci>DtribTition8 to the cthnof^aphy and pbilology of America, e«peciiUly of Brozil. 

t Till) |i3Bt and futuru of tlio Amenoan race. 

t Oa ttio civil aud social coDditioa of the nborif^iDes of Brazil. 

^ In a letter nliicb Martius aildri'ssod, shortly tJeforo his dentfa, to Dr. D. G. Brinton, 
of Pliilodelpbia, he expresses himself on this poiDt evea more decidedly thau in the 
ISfHriiyc. 

II Names uf plants in tbe Tnpi langnage, 

11 N'amoH of auimuls in the Topi language. 

" VdxrdleSeulptuTtnaufdta^BergeGabiabtiRio de Janeiro. (Geldtiie Ameigea,lSAS,, 
A'M.38,a9.) ,t>(>g|c 

12 s ^ 
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Aztec laiigtmgti in Nortbeni Mexico." • The physical condition, dis- 
eases, physicians, and remedies of the aborigines of Bmzil.t On the 
preimration of the arrow-poison Urari among the Juri Indians on the 
Bio Yupori, id North Brazil.:^ The creation of the Negro : a Braziliuo 
legend.| 



The time intervening between Professor Von Martins' retirement from 
ofiScial duties in 1854 and his death was to him no period of rei>ose; || 
on the contrary, having now more leisure at his command, he devoted 
himself exclusively to scientiflc labors. Much of his time was tiken up 
in editing the Flora BraaiHenxis, and his position as secretary of the 
Boya) Bavarian Academy demanded his constant care and attention. 
Only one year before his death, at the age of seventy -four, he pablislied 
the Beitrage, his most important contribution to American etbuology. 

He was one of those few whose merits are duly acknowledged and 
appreciated during their life-time. He maintained intimate relations 
with many of the most distinguished men of our time, and most learned 
societies of note counted him among their members. Numerous works 
are dedicated to him ; his name is perpetuated in the scientific denomi- 
nations of plants and animals; even ii mountain in New Zealand, Mount 
Martins, is called after him. Medals were struck in his honor, and 
crowned heads manifested their esteem by decorating bim with the 
insignia of their orders. 

Martins enjoyed the full possession of liis mental faculties to the last 
moment of his life, and even his physical appearance betokened no con- 
siderable degree of decline; it was only during the years immediately 
preceding his death that bis altered teatures and somewhat stooping 
figure indicated the changes which advanced age wilt produce upon the 
strongest constitution. But the lively expression of his eye, his ani- 
mated conversation, and the interest ho took in everything that passed 
around bim, gave evidence of his unimpaired mental vigor. In the fall of 
1868, lieing then in bis seventy-flfth year, he made a journey to Berlin 
and Dres<1en to visit bis son and his old friends. He returned in good 
nealth, and nothiug intimated his approaching end. But shortly after- 
ward, having been exposed to a severe storm, bo was attacked by a febrile 
iidisiiosition, wliich, increasing, developed itself into infiammation of 
lie lungs. His strength sank rapidly, and on the 13tb of December, 
1868, after an illness of nine days, his earthly career was closed by an 
easy death. Fresh palm leaves decorated, significantly, the coffin in 
which his mortal remains were conveyed to their last place of rest. 

* Pei«r Buadaiuina'» Weri : Dit Spnren iter JitetiwA** ^rache im nSrdticheii Maito. 
(Gel. ^tt.. 1860, Am. Al-iiiA 

t Daa Nalurett, dte Krankheiieit, da> Arxllham tind die BeilmitUl iter Urbeieohaer Bra- 
•ilteiM. (Buchner't BepertoriHtn iter PhamMKie, vol. 33, p. 2tS>, A,c.) 

t Udter die Btratittig de» PfaUi'tfia Urari bei dea Iiidianem Juri» am Bio Tupurd in Nord- 
bnuilicH. (BuchiKi'a Rep. d. P/uu-m., vol. 36, 1H3D, p. 337, &c.) 

i Die Ertckaffang deilfegen, ane Braailianache Volka-Sage. (Jugibarger Alliffm. ZeiL, 
1839.) 

I " Der Buheitand warJUr ika iksjii Stand der BuAe."— Meissuer's DmktiArifl, p. 34. 
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NOTICE OF THE LIFE AND SCIENTIFIC LABORS OF STEFANO 
MARIANINI. 



By Carlo Matteccci, 
/ the "Italia* Solely of Sdeacet, founded hg Anion Maria Lorgna." 



[ TraneUiled for Ae SmilheoniaM Inttitution.'i 

It is not snch a eulogy as is usoaUy pronounced for the members 
whom the Italian Society of the XL may have lost that I at present 
andertake. This Heveral reasons forbid, not the least of which is my 
own uuskillfuhiess in the polished style of composition which such labors 
demand, joined to a conviction that the highest eulogy of those who 
have consecrated their lives to science consists io the record of the 
progress which it owes to their exertions, and the part reservefl for them 
in its history. I shall speak, therefore, with the utmost brevity of the 
simple habits, the pure and unassuming spirit, the integrity of character, 
and the great scientific activity of Marianini, although these qualities 
constitute in themselves the best eulogy of the mau, and shall dwell at 
somewhat greater length on his principal labors in physics. 

MariaDini was born at Mortara, a small town of Piedmont. He was 
professor of physics at Veuicej and more recently in the University of 
Modcna; he was a corresponding member of the Institute of France, 
and president of the Italian Society of the XL for many years. 

The first work by which he attracted the attention of the learned was 
an Egsay on ctectro-metrieal ej^eriments,' a work whicli I remembei' to 
have heard spoken of, at the time, in terms of the highest praise by 
Arago. It appeared at "Venice in 1825. On account of the original ex- 
])eriuients with which it is replete we need not hesitate to pronounce it 
the most important production of the author. When it is cousidercd 
that in various chapters of this essay all parts of electrodynamics and 
of the pile are treated by methods and with instruments which were 
tlien barely lieginning to be known, wo need not be surprised if the re- 
sults at which Marianini arrived at that time have not remained in 
science as he himself obtained them forty years ago. If we except the 
discoveries of elementary laws and of physico-mathematical theories, 
this is the lot which befaUs, after a certain number of years, even those 
who have opened new fields in physics. 

Marianini, in this essay, began by studying the relation between the 
intensity of the current of a battery and the extension of the elements 
and tension of the electro-motors ; that is te say, the number and nature 
of the pairs wliich compose the pile. He tlien proceeded to experiment 
on the relative electro motive power of conductors of the first class, and 
studied the phenomenon of the secondary current, respecting which ho 
has left us some valuable experiments. In the thim chapter of the essay 
are comprised many original researches on the conductive capacity of 
liquids for electricity. It is beyond doubt that this treatise marks a 
great progress in onr knowledge on the most obscure and difficult points 



' Saggio dl eeperUiisa eteltro^melricha. 
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of dynamic electricity ; nud tlic discovery then made by Mnrianini, which 
may io some measure be considered as the experimental basis of the 
theory of Ohm, is still a fiiudamental one, namely, that the action of 
simple electro- motive machines on ma^ets, to nse liis owii words, is di- 
rectly proportional to their surface, ami tliiit ina circuit having aresist- 
ancc quasi null in comparison with that of tlie battery, the current-of 
a pile of a single pair lias the same intensity with that of any number 
of pairs whatever. 

lu the same cliapter the author studies tlio phenomeuon of metallic 
diaphragms interposed in a liquid stratum to the passage of the current. 
The catalogue which is given in the essay of conductors of the first cla^ 
accoi-ding to the decreasing order of their relative electro-motive power, 
is established with much exactness, and may even now be said closely 
to approximate the truth. 

In speaking of the conductibility of liquids, a subject in regard to 
which the physicists of our own day well know the difficulty of arriving 
at exact measurements, Marianini proves for the first time, what has 
never since been contradicted, that the conductibility of liquids increases 
with the temi)eratare ; that this augmentation is less in liquids endowed 
with a great conductibiIity,and that aheated liquid preserves for a certain 
time in growing cold a greater conductibility than it first had at a given 
tem[>erature. Here ho finds by experiment that the resistance of a 
liquid stratuiu increases with the thickness of the stratum, and shows 
by many researches the augmentation of the eftects of a battery by 
increasing the size of the plate of copper which incloses the zinc. There 
are also contained in the cnapter on the conductibility of liquids some 
experiments, among which I will cite, as worthy of being varied and 
extended, that of the conductibility communicated by certaiu salts and 
organic compounds to a liquid such as alcohol, which is itself scarcely 
a conductor. 

In 1820 Marianini read before the Atheneum of Venice a memoir on 
Hitter's battery, and on secondary polarity, in which by many well- 
devised experiments be more couclusively pi-oved, what had been as- 
serted by Volta, that the polarities of secondary batteries depended on 
the alterations which the eiurent of the pile produces in the surface of 
the metallic disks of Kitter's Column. In fact, after these disks have 
been washed and wiped dry. ttiG column remains as active as before. 

More recently Marianini undertook the study of electro-physiological 
]>hcnomcna, and in the memoir presented to the Academy of Koveredr 
in IS'Jl, and which was translated iu the Annates de j^hynique et 4e 
ch'nnie, t. XL, p. 225, the experiments are described on which is foun<lcd 
the law, still known in Germany as the law of Marianini, that the elec- 
tric current in traversing the nerves in the direction of their ramifica- 
tion, or the direct current, as Kobili called it, excites a contraction when 
it enters and a sensation when it ceases to pass ; and that, on the con- 
tiiiry, when the current is inverseortraverses the nerves in the direction 
contrary to their ramification, a contraction is produced at the instant 
at wliicb it ceases to pass, and a sensation at that when it begins to 
traverse the nerves, in this memoir, Marianini distinguishes the con- 
tractions produced by electricity into idiopathic contractions, which are 
excited whatever be the direction in which the current traverses the 
muscles, and sympathetic contractions de{>endiDg on the direction in 
which the current traverses the motor nerves. In a second memoir, in 
which he treats specially of the voltaic alternations, he shows that these 
deiwnd on the diminntion of excitability of the nerves, [)roduccd by tlia 
passage of the current in a certain direction. Among these experiments, 
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we most not fail to recall that by wliich Marianiui obtains the Bbock at 
the opening of the circuit, although in the act of closuig the circuit by 
means of the finger or other nnmoistened body, this ebock be not ob- 
tained. He sabsefjnently occupied himself with the application of bis 
studies on electro-physiology to the core of certain cases of paralysis, 
and is, perhaps, the only physicist who bas studied this siibject with 
suitable attention, and obtained by electricity, the rcstoratiou in some 
cases of those afflicted with this disorder. 

Among the numerous memoirs of Marianiui, we must also cite as 
worthy of remembrance and full of uigeuious experiments, those with 
wbicb he sought to sustain the theory of the electro-motive force of 
Volta and to combat the, chemical tbeorj- of the pile. Although it be 
scarcely necessary to say that at present the latter theory is with reason 
generally embraced, there are, nevertbelesa, some exi)eriment3 of Maria- 
Duii which show that there are certain cases in which distinct signs 
present themselves of the electro- motive force as understood by Volta, 
without the appearance of any phcuomena of chemical action to which 
those signs might be attributed. 

It remains, finally, to cite a long series of memoirs in which our col- 
league studied the magnetizing force of the electric discharge of the 
Leyden Jar, as well as the inductive discbarges. For the prosecution 
of these experiments, Marianiui commenced by inventing a reekctro- 
meter, as he called it, which ereu now might be of service in many 
researches, and which consists of an iron nire surrounded by one of 
copper winding spirally about it, and placed above a compass in a direc- 
tion perpendicular to the magnetized needle. A discharge from the jar, 
however weak, now passes by the spiral and magnetizes the vrhx wire, 
and the needle of the compass is deflected ; the direction of the deviation 
indicating the direction of the discbarge. In this memolragreat number 
of experiments are described, by which it is proved that, after the mag- 
netization generated by an instantaneous discbarge, if the magnetization 
be annulled either by mechanical means or by contrary discbarges, the 
iron acquires a susceptibility of being magnetized in the first direction, 
and loses the susceptibility of being magnetized in the opposite direc- 
tion. The author has studied with much sagacity all the other condi- 
tions of this phenomenon, namely, the thickness of the iron wires, 
the capacity of the Leyden jar from which the discliarge is obtained, 
and compares the effects of a bundle of flue iron wires with those of a 
laJ'ge and full cylindrical wire. 

In continuation of these studies, Marianiui proceeded to experiment 
on the effects produced by metallic envelopes in diminishing the mag- 
netizing action of electric currents on the iron placed in the interior of 
those envelopes, and demonstrated that tlie efiTects depend on the action 
of the inductive discharge developed in the envelopes. He proceeded 
afterwards to the study of iuductive discharges: discovered the induc- 
tions of the second aud third order, which bad been found at the same 
time by Henry, in America, and saw that the Leyden-electric induction 
was exerted also between liquid conductors. 

These notices, by which we have certainly had no thought of render- 
ing justice to the various labors of Marianini, will serve at least to show 
how assiduous and productive was the scientific life of our lamented 
solleagne, and how admirable an example that life, prolonged as it for- 
tunately was, offers, in its unobtrusive aud tranquil course, to the youth 
nf Italy — how imp«risbable an honor it will always reflect upon oar 
country. -, . 

FLOBENCE, A$nl 1, 1867. D,g,L,zeclbyCK>OglC . 



ON THE CHEMISTHT OF THE EARTH. 



By T. Stsbb-s Humt, LL. D., F. E. S 



In the following pages 1 have endeavored, at the reqaest of Professor 
Henry, to give a brief summary of eertaio views io cliemicai geology 
which have been put forward by me in various scientific jonmals dur- 
ing the past twelve years, the germ of them having appe^ed in a eom- 
manication to the Ajtiencan Journal of Science in Januai^y, 1858. In 
addition to the foot-notes, I have appended a list of my principal pub- 
lications on the sahject, where those who desire to follow up the various 
questions here suggested will find them treated more at length. The 
last three of these papers are in part reprinted in the present abstracc 
I take this occasion to say that the views here embodied will be devel- 
oped in a work on the chemistry of the globe, the preparatioD of which 

is now well advanced. 

T. STBRBT HUNT. 

MoNTBEAL, January 6, 1870. 



lAAof M«j)riR<ntMlpiiper«, by Mr, T. Story Sunt, rioting to ChaiuMl Oti^ogy. 

On the Chemistry of the PrimeTal Earth. AmericRin Joamal of Science, Jaanaiy, 
1858. 

On the pnrt which the Silicates of the Alkalies may phty in the Uetamorphisni of 
Bocks. Vroc Boyol Society of London, May 7, 1B57, ana American JodthaI of Science, 
March, \SJ&. 

On the origin of FeldsparB, and on some points of Chemical Lithology. American 
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§ 1. In approacUing the study of the chemistry of the earth, or what 
may be designated chemical geology, it becomes necessary to define the 
natural objecta of that complex study to which is given the general 
name of geology, and also to consider its conuection with the various 
sciences. To this end, some notions as to the order and the relation of 
these sciences may not be oat of place. Following the classification 
established by Comte, we distinguish between the abstract sciences, which 
deal with laws, and the concrete sciences, which have to do with things. 
In their order the abstract sciences form an ascending series, according 
to the degree of complexity of their phenomena, " so that each science 
depends on the tniths of all those which precede it, with the addition of 
peculiar truths of its own." — {J. S. Mill.) At the base of this series are 
thus placed — 1st, Matliematica, with its successive divisions of number, 
geometry and mechanics ; 2d, Abstract Astronomy, wliich considers, in 
addition to these, gravitation, taking cogniztiuce of number, extension, 
equilibrium, and motion ; 3d, Phpsict, comprehending the laws of weight, 
cohesion, sound, light, electricity, and magnetism ; 4th, Chemistry, which 
treats of the relations to one another of the different forms of mineral 
matter, and their transformations under the physical agencies of light, 
heat, and electricity ; 5th, Biology, or Physiology, to which belongs the 
study of the laws of organized growth and development ; 6th, Psyawlogy, 
which considers the laws of mental phenomena; and, 7th, Sociology, or 
the laws of human society. 

§ 2. Paraltel with these abstract sciences is a series of concrete or his- 
torical sciences, dealing not with laws and general principles, but with 
objects and facts. Of these concrete sciences the first is Descriptive 
Astronomy, which is the natural Itistory of tho planetary and stellar 
worlds, treating of their movements, dimensions, and cosmical relations. 
Coming, in the next place, to the history of our own planet, the study of the 
accidents of its surface and its interior gives rise to Physical Geography 
and to Structural vmA Dynamieal Geognosy ; vrhWe, the bodies which it 
presents to us are naturally divided into two great classes, the inorganic 
or mineral kingdom, and the organic, including the vegetable and ani- 
mal kingdom. The study of these two classes gives rise to two great 
branches of natural history. Mineralogy and Organography, the hitter 
including Botany and Zoology. The concrete science of mineralogy has 
for its subject the natural history of all the forms of unorganized malf-^> 
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tcr; that is to say, those snbstancea which are exempt from biologi<al 
laws, but come within the domaiu of physics niid chemistry. Clicmical 
chaiiKC iiir[>Iie8 disorgauization, and all so-called cbemical species are 
iuorgatiic, that is to say, uiiorgaiiize^l, aud belong to tbe mineral kiag- 
doiD, whose natural history is thus physical and cbemical, while that of 
the vejtetable and animal kingdoms is biological,' 

§ 3. It might, at first siglit, seem foreign to our present subject to 
speak in this connection of the moral, social, aud political history of 
mankind, dependent upon the laws of psychology and sociology. It is, 
however, to be i-einarlied, that while in the abstract order each suience 
is indei>eQdent of that which follows it in the series, it is far different in 
tiie concrete scieuces. This is seeu in the familiar example of the de- 
pendence upon each otiier of the animal, vegetable, and mineral king- 
doniH, and it is evident that man puts in movement agencies which are 
constantly at work modifying alike physical geography and the rela- 
tions of tbe mineral, vegetable, aud animal world to such an extent that 
hiirnau history must not be disregarded in the study of the lower reigns 
of nature. 

§ 4. From what has gone before it will be evident tliat under the com- 
mon term of geologj" are generally confounded two distinct branches of 
stmly ; the first or abstract division being thatof the physical, chemical, 
and biological laws which have presided o\'er tbe develo)>inent of the 
globe, and the second or concrete division, the natural history of the 
earth as displayed in its physical structure, stratigraphy, niineralogj-, 
paleontology. The name of geognosy, employed by some anthers, may 
very appropriately be retained for the latter, while that of geology is 
restricted to the former division. It is proposed in the following pages 
to consider briefly some of the more important points in the chemical 
history of the globe ; in doing which it will be necessary to notice also 
its aatronomiad and i)hy8iciil history, aud the relations of organic life, in 
so far as they are concerned in the cbemical history of the earth in its 
various stages of development. The scheme thus embraced is so great 
that in the limits of the present essay nottiiug more can be attempted 
than a sketch which shall embrace some of the most striking facts in 
the history of the forming globe considered as a condensing nebulous 
mass, in tbe chemistry of the air, sea, and earth in past ages, and in the 
relations of the central heat to the superficial portions of tbe earth, by 
which we shall endeavor to explain certain facts in dj'namical geologj", 
such as the great movements of the earth's crnst and the phenomena of 
earthquakes and volcanoes. 

§ u. Tbe nebular hypothesis, as it is called, whicii supposes that onr 
solar system aud all the worlds of space hare come from the condensa' 
tiou of diffused vapors, has received strong confirmation from the dis- 
coveries made by the spectroscope. Wo now know that there exist in 
the heavens nebula cousisting of luminons gas ; that is to say, vajioi-ous 
matter shining by its own light, which we may, with great probability, 
regard as the primal matter out of wliicli, as the elder Ilerscliel sug- 
gested, suns and planets have been formed by a process of condensation. 
By the aid of the telescope and the spectroscope we find in tbe heavens, 
planets — bodies like our earth, shining only by reflected light; suns, — 
self-luminous, radiating li^ht from solid matter ; and, moi'eoTcr, trno 
nebnlie, or masses of luminous vapor. These three forms represent 
thif f distinct phases in the condensation of the primeval matter, irota 
which our own and other planetary systems have been formed. 

* T. S. I[jDt, on tho ObJecU and Method of Mincntlogj. Amecicao Jounial of Sor- 
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Tliis nebulous matter is conceived to be so intensely heated as to be in 
the state of. true gas or vapor, and, for this reason, feebly luminous 
when compared with the sun. It would here be out of place to (lis<:us8 
the detailed results of spectroscopic investigation, or the beautiful and 
ingenious methods by which modem science has idiowu the existenet* in 
the SHU, and in many otherlnminous botlies in space, of the same chem- 
ical elements that are met with iu our earth. 

§ G. Calculations based on the amount of light and he^it radiated from 
the sun show that the temperatui-e which reigns at its siu-face is so great 
that we can hardly form an a<lc<piate idea of it. Of the chcmi<-al rela- 
tions of such intensely heated matter modem chemistrj" has ma<le known 
to us some curious facts, which help to throw light on the constitution 
and luminosity of the sun. Heat, under ordinary conditions, is favor- 
able to chemical combination, bnt a higher temperature reversi-s nil 
affinities. Thus, the so-called noble metals, gold, silver, mercury, &c., 
nnit« with oxygen and other elements ; but these compounds are decom- 
posed by heat, and the pure metals are regenerated. A similar reaction 
was many years since shown by Mr, Grove with regard to water, whose 
elements — oxygen and hydrogen — when mingletl and kitadled by ttame, 
or by the electric spark, unite to form water, which, however, at a much 
higher temi>eratiu%, is again resolved into itscomponent gases. Ilence, 
if we had these two gases existing in admixture at a very high tempera- 
ture, cold would actually effect their combination precisely as heat would 
do if the mixed gases were at the ordinary temperature, and literally it 
would be found that " frost performs the effect of Are." The recent re- 
searchesof Henry Sainte-Claire Deville and others go far to show that this 
brcaking-up of compounds, or dissociation of elements by intense heat 
is a principle of universal application ; so that we may suppose that all 
the elements which make up the sun or our ])lanet would, when so in- 
tensely heated as to be in that gaseous condition which all matter is 
capable of assuming, remain uncombine<l, that is to say,* would exist 
together in the condition of what we call chemical elements, whose fur- 
ther dissociation in stellar or nebulous masses may even give ns evi- 
dence of matter still more elemental than that revealed by the experi- 
ments of the laboratory, where we can only conjecture the compound 
nature of many of the so-calle<l elementaiy snltstances. 

^ 7. The sun, then, is to be conceived of as an immense mass of intensely 
heated gaseous and dissociated matter, so condensed, however, that uot- 
withstJinding itsexcessive temperature, it has a specific gravity not much 
below that of water; probably offering a condition analogous to that 
which Cagniard de la Tour obser^'cd for volatile tHKliea when submitted 
to great pressure at temperatures much above their boiling jwint. The 
radiation of heat gouig on trom the surface of such an intensi-ly heated 
ma^is of uncombiued gases will produce a superficial cooling, which will 
permit the combinatitm of certain elements, and the production of solid 
or liquid particles ; these, suspended in the still dissociated vapors, 
become intensely luminous, and form the solar photo8i>here. The con- 
densed particles, carried down into the intensely heated mass, again 
meet with a heat of dissociation, so that the process of combination at 
the surface is incessantly renewed, while the heat of the sun may bo 
supposed to be maintained by the slow condensation of its mass ; a dim- 
inution by T^tb of its present diameter being sufficient, according to 
Helmholtz, to maintain the present supply of beat for twenty-one thou- 
sand years. 

§ 8. This hypothesis of the nature of the son and of tbe luminous 
process going on at its surface is the one lately pnt forward by Faye,' 
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and, altbough it has met with opposition, appears to be that which ac 
cords be«t with our preseot knowledge of the chemical aud phygical coa- 
ditions of matter, such as we must suppose it to exist in tlie condensing 
guseous mass which, according to the nebular hypothesis, should fonn 
the center of our solar system. Taking this, as we have already done, 
for granted, it matters little whether we imagine the different planets 
to have been successively detached as rings during the rotation of tho 
primal mass, as is generally conceived, or whether we admit with Cha- 
comac a process of aggregation or concretion operating within the 
primal nebular mass, resulting in the production of son and pianists, 
lu either case we come to the conclusion that our earth must at one time 
have been in an intensely heated gaseous condition such as the sun 
DOW presents, self-luminous, and with a process of condensation going 
on at first at the surface only, until by cooling it must have reached the 
point where the gaseous center was exchanged for one of combined and 
liqnefied matter. 

§ 9. Here commences the chemistry of the earth, to the discussion of 
which the foregoiug considerations have been only preliminary. So 
long as the gaseous condition of the earth lasted, we may supjHjsc the 
whole mass to have been homogeneous ; but when the temperature be- 
came so reduced that the existeuce of chemical compounds at the center 
became possible, those which were most stable at the elevated tempera- 
ture then prevading, would be first formed. Thus, for example, while 
compounds of oxygen with mereuiy, or even with hydrogen, couid not 
exist, OKides of silicon, aluminium, calcium, magnesium, and irou might 
be formed and condensed in a liquid form at the center of the globe. 
By progressive cooling, still other elements wouhl be removed from tho 
gaseous mass, wbicli would form the atmosphere of the non-gaseous 
uucleus. We may suppose an arrangement of the condensed matters 
at the center according to tlieir respective specilio gravities, and thus 
the fact that the density of the earth as a whole is about twice the mean 
density of the matters which form its sobd surface may be explained. 
Metallic or metalloidal comiJounds of elements, grouped ditfureutly from 
auy comiiounds known to us, and far more dense, may exist in the cen- 
ter of the earth. The condensiug effect of pressure as we approach the 
center of the globe has, however, been regarded by some as far more 
than sufficient to account t<>r the considerable mean density of the planet, 
and, according to Dr. Y^ouog, would be sufficient to reduce a mass ot' 
granite, transported to the earth's center, to one-eighth of the bulk 
which it occupied at the surface, which would give to the earth a mean 
density equal to twelve or thirteen times that of water. This considera- 
tion has led a recent writer to conclude, with Herbert Speucer, that our 
earth and the other planets may be only shells of varying thickness, 
inclosing a central cavity filled with vaporous matter, by which hypoth- 
esis may be explained their apparently feeble density. It is, however, 
a matter of indifference, so far as our argument is concerned, whether 
. the process of condensation commenced around such a central cavity, 
or at the center of the globe itself. 

1 10. The processes of combination aud cooling having goue on until 
those elements which are not vohitile in the heat of our ordinary fur- 
naces were condensed into a liquid form, we may here iuquire ^vhat 
would be the result, upon the mass, of a further reduction of tempera- 
ture. It is genei^y assumed that in the cooling of a liquid globe of 
mineral matter, congelation would commence at the surface^ as in the 
case of water J but water offers au exception to most other liquids, in- 
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asmucli as it ia denser in tbe liquid than in the solid form. Hence, ice 
floats on wat«r, and freeziog water be<!omes covered with a layer of 
ice, which protects the liqnid below. Some metals and alloys i^senible 
water in this respect. With regard to most other substances, and 
notably tbe varions miaerals and earthy compounds like those which 
may be supposed to have made up the mass of tbe molten globe, the 
case ia entirely different. The numerous and detailed experiments of 
Charles Deville, and those of Delesse, besides the earlier ones of Bi- 
scfaof, unite in showing that the density of fused rocks is mach leas than 
that of the crystalline products resulting from their slow cooling, these 
being, according to Deville, from one-seventh to oue-aixteenth heavier 
than the fused mass, so that if formed at its surface they would, in 
obedience to the laws of gravity, tend to sink as soon as formed. 

§ II. The atony materials of the earth's crust then, unlike ice and cer- 
tain metals, expand in melting aud coutract in passing into the solid 
Btat«. The melting of ice is a' process of condensation, and heuce pres- 
sure favors its liquef^tion, causing it to melt at a lower tempemtare 
than it would otherwise do; bat for bodies with which melting is a pro- 
cess of expansion, pressure produces an opposite efi'ect, namely, that of 
augmenting the fusing point. These conclusions of James Tliouipaon 
and William Thompson have been experimentally verified by Buuaeu, 
Fairbairn, and Hopkins. It results from thia physical law that the 
effect of pressure upon materials like molten rocks would be such that 
solidification at a depth from the surface would take place at a temper- 
ature much higher than tliat inquired for their soliilitication at tlie sur- 
face. Hence, iu opposition to the notion of a cougealed layer, like a 
aheet of ice, resting apon the surface of a molten globe, Hopkina, and 
with him Scrope, supposes splidificatiou to have commenced at the cen- 
ter of the liquid mass and to have advanced toward the circumfereucc. 
Mr. Hopkins concludes that the pressure existing at great depths must 
have induced congelation of the molten mass at temperatures at which, 
under a less pressure, it would have remained liquid. Before the last 
portions became solidifled^ there was produced, it is conceived by Mr. 
Hopkins, a condition of imperfect liquidity, preventing the aiukiug of 
the cooled aud heavier particles, and giving rise to a superficial crust, 
firom which solidification would proceed downward. There would thus 
be inclosed between the inner and outer solid parts, a portion of 
nncongealed matter, which, according to him, may be supposed still 
to retain its liquid condition, and to be the seat of volcanic action, 
whether existing in isolated reservoirs or subterranean lakes, or whether, 
as suggested by Scrope, forming a continuous sheet surrounding the 
solid nucleus. 

^12. This view of the constitution of tbe globe, or one analogous to 
iiL has found favor with many theorists. Professor N. S. Shaler, of 
;^rvard, who, in a recent essay on the formation of mountain chains, 
in the proceedings of the Boston Society of Natural History, has 
adopted it, concisely states it as follows : " The earth consists of an 
immense solid nucleus, a hardened outer crust, and an intermediate 
region of comparatively slight depth, in an imperfect state of igneous 
fusion." In this conuecdon it is curious to remark that, as lately pointed 
out by Mr. J. Clifton Ward, Halley was led, from the study of terres- 
trial magnetism, to a similar hypothesis. He supposed the existence of 
two magnetic poles situated in tbe earth's outer crust, and two others 
in an interior mass, separated from the solid envelope by a fluid 
medium, and revolving, by a very small degree, slower than the 
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outer crast," The same conclusion was subsequently adopted by Haa- 
steen. 

§ 13. Apart from these considerations, however, many of the best 
modem physicists and geoloji^sts have found numerous reasons for 
rejecting the jiopular notion wliicli regards our globe as a liquid molten 
mass covered by a layer of twenty or thirty mUes of solidified rock. 
The deductions of Hopkins from the phenomena of precession and niitti- 
tiou, those of Pratt from the crushing force of immense mountain masses 
like those of the Himalaya, and those of 8ir William Thompson from the 
tides, showing the great rigi<Iity of the eartb, all unite to prove tliat 
the eartl>, if not solid to the center, mast have a firm and solid crust 
several hundred miles iu thickness. Under these conditions, if there 
still exist a liquid center, it must, so far as sai>erficial phenomena are 
concerned, be as inert as if it were not. We are thus prepared to accept 
the couclusions to which the line of argument in § II leads as, and admit 
that our globe solidified from the center. 

\ 11. It is, then, with the suiwrtlcial portions of the earth, klone, that 
we have to do from the moment of its solidifleation ; and as in the sub- 
sequent pages of our history afr and water must play an important part, 
it becomes necessary, hoibre going further, to eonaider briefly the nature 
of the process of aqueous solution and its relations to pressure. Solu- 
tion may, for our present puii>ose, be defined as achemical union between 
two or more bodies, of which one is liquid, resulting in a liquid product, 
and accompanied by a change of volume, t In ordinary cases, as in that 
of most bodies dissohing in water, this change is in the direction of con- 
densation, and hence, as might be expected, pressure exerts an inlluence 
similar to that in tlie liquefaction of certain bodies by fusion, exphiine4 
in §11. Pressure facilitates the liquefaction of ice, which is attended 
by condensation, and aets in like manner in the case of solution, so that 
the solubility of salts in water, as shown by the espertments of Sorby, is 
increased by pressure. We can scarcely doubt that tliese phenomena 
of fusion and solution come under one general physical law, and that 
for all those bodies which contraet in dissolving, (to which there are 
but few exceptions,) their solubility in water must be augmente<l by 
and in proportion to the pressure. As expressed by Mr. Sorby, mechani- 
cal is thus converted into chemical force. ( 

§ 15. Reverting now to the solidified globe, in whose superficial por- 
tions and in the surronnding gases and vapors were present all the 
chemical elements with which wo have to do, it is necessary to eonsidcc 
briefly its physical and its chemical condition at this early period. 

The formation of a crust at the surface of the viscid layer which still 
enveloped the solidified mass of the globe, as conceived by Hopkins, 
is readily admissible; but that this process commenced when the remain- 
ing envelope of liquid matter was yet so deep that the refrigeration up 
to tlie present time has not been suf^cient for its entire solidification 
is not probable. Such a crust on the cooling superficial layer would, 
flttm the contraction consequent on the further refrigeration of the 
liquid stratum beneath, become more or less depressed, corrugated, and 

* The clovatcd temperature of tbe interior of the globo would probably olFor no oU- 
etacle to the (lovclupoieDt of magaetism. la a Toceat oipurimuut of M. Ti'dvo, cow- 
miiDicatccl bf M. Fsyu to tbe FroDch Academy of Sciences, it woa fonnd thnt molt«n 
cast ifou fhoQ pooled into a mold, aunounded by a helix which was traversctl by an 
electric currcut, became a strong macnet when liquid at a tomperatiii'o'of l,;tUO^ C., 
and retaiued ita maguetism (rhile oooung. ^Cimpta-lCeadiit de PAoad^mie da Ikicncet 
February, I860.) 

t T. H. HuDt, Thonsbts on Solutioo, American Journal of Science, [2,] lix, 100. 

} Bakerian Lecture loi 1863, L. E. and D, PlUlosopbicol Magazine, February, Idtil 
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broken np, thus caasing the extravasation of the ;et nusolkliScd portion,' 
which would contribute to the vast amount of mineral matter bronj^lit 
within the chemical influences of the surrounding atmosphere. Further 
contraction from cooling would render this material more or less porous 
and permeable, preparing it for that process of combinetl mechanical 
and chemical disintegration which would result from th« action of the 
acid liquids afterwards to be precipitated from the atmosphere. 

§ Iti. We have next to consider the chemical constitution of this irregu- 
lar surfaced and broken-up crust of anhydrous and primitive igneous 
rock, which is now everywhere buried beneath the products of its disin- 
tegration. It is evident that, with the exception of those wliicb were 
still in a gaseous form, it must have contained all the elements which 
now make up the known rocks of the earth's cnist. If we conceive these, 
together with the air, the ocean, and its dissolved salts, now to react' 
upon each other under the infloence of au intense bent, it will enable ns 
to form some notion of the chemical relations of the elements of the 
^lobe at the time when tbey were cooling down from that condition of 
Igneous vapor which we suppose to have been that of our planet at an 
early stage in its history. To the chemist it is evident that from such 
a ]»rocess applied to our globe would result the oxidation of all carbona- 
ceous matter, the conversion of all carbonates, chlorides, and sulphates, 
into silicates, and the separation of the carbon, chlorine and sulphur in 
the form of acid gases, which, with nitrogen, watery vapor, and an excess 
of oxygen, would form an exceedingly dense atmosphere. Tlie resulting 
fused mass would contain all the bases as silicates, and would probably 
nearly resemble in comirasition certain furnace-slags or basic volcanic 
glasses. Such we may conceive to have been the nature of the primitive 
igncons rock, and such the composition of the primevol atmosphere, which 
must have been one of very great density. Under the pressure of a high 
barometric column condensation would take place at a tcm)>eratnre 
much above the present boiling point of water, and the lower levels of 
the half-cooled crust would be drenched with a highly heated solution 
of hydrochloric acid, whose decomposing actipn would be powerfully 
aided by the temperature. The formation of chlorides of the various 
bases, and the separation of silica, wpuld go on until the affinities of the 
acid were satisfied, while there would result a sea-water holding in the 
solution, besides the chlorides of sodium, calcinm, and magnesium, salts 
of aluminum and other metallic bases. At a later period the gradual 
combination of oxygeu with sulphurous acid would eliminate this from 
the atmosphere in the form of sulphnric acid. The atmosphere being tbns 
deprived of its volatile compounds of chlorine and sulphur, would ap- 
proach to that of our own time, but differ in its much greater amount 
of carbonic acid. It will bo remarked that from the affinities which 
would come into play in the conditions above supposed, all the elements, 
with the exception of the noble metals, nitrogen, chlorine, the related 
haloids, and the hydrogen combined with these, would-be united with 
oxygen. The volatility of gold, silver, and platinum, would keep them 
Btill in a gaseous condition at temperatures where silicon, and with it 
the baser metals, were precipitated in the form of oxides. 

§ 17. The process just described ceased with the separation from the 
air of the compounds of sulphur and chlorine, and then commenced 
the second stage in the. action of the atmosphere on the earth's crnst, 
by which, under the infiueuce of carbonic acid and moisture, its com- 
plex aluminous silicates are converted into a hydr^ted silicate of alum- 
ina or clay ; while the separated lime, magnesia, and alkalies, being 
changed into bicarbonates, are conveyed to the sea in a state of solution.^ 
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' The first efTect of these dissolved carbonates would be to precipitate 
the dissolved alamina aod the heavy metals, after which came the de- 
compodtioa of the chloride of calcium and the formation of carbonate of 
lime and chloride of sodium. This action of carbonic acid is still going 
OQ at the earth's surface, slowly breaking down and destroying the 
hardest rocks, and, aided by mechanical processes, transforming them 
into days ; although the action, from the comparative rarity of carbonic 
acid in the atmosphere, is now less energetic than in earlier times, when 
the abundance of this gas, and a higher temperature, favored the 
chemical decomposition of the rocks. But now, as then, every clod of 
clay formed from the decay of a crystallioe rock corresponded to an 
equivalent of carbouic acid abstracted from the atmosphere, and to 
equivalents of carbonate of lime and common salt formed from the 
chloride of calcium of the sea- water. 

It is very instructive, in this connection, to compare the composition 
of the waters of the modern ocean with that of the sea in ancient times, 
whose composition we learn from the fossil sea-waters which are still to 
be found in certain regions, imprisoned in the pores of the older stratified 
rocks, and are the source of many of our saline mineral waters*. These 
are vastly richer in salts of lime and magnesia than those of the present 
sea, from which have been separate4, by chemical )irocesses. all the car- 
bonate of lime of our limestones, with the exception of that derived from 
the sub-aerial decay of calcareous and magnesian silicates belonging to 
the primitive crust. 

§ 18. The gradual removal, in the form of carbonate of lime, of the 
carbonic acid from the primeval atmosphere, has t>een connected with 
great changes in the organic life of the globe. The air was donhtless 
at first unfit for the respiration of warm-blooded animals, and we find 
the higher forms of life coming gradually into existence as we approach 
the present period of a purer air. Calculations based upon the proba- 
ble amount of limestone in the earth's crust, lead us to conclude that 
the amount of carbon thus removed in the form of carbonic acid has 
been so enormous, that we must suppose the earlier forms of air-breath- 
ing animals to have been peculiarly adapted to live in an atmosphere 
which would probably be too impure to support modern reptiUan life. 

Growing plants under the stimulus of light possess, as is well 
known^ the power to absorb carbonic acid, appropriating the carbon and 
liberatmg oxygen. The importance of this agency in purifying the 
primitive atmosphere was long since iwinted out by Brouguiart, and 
our great stores of fossil fuel have been derived from the decomposition, 
by the ancient vegetation, of the excess of carbonic acid of the early 
atmosphere, which, through this agency, was exchanged for oxygen gaa. 
In this connection the vegetation of former periods presents the curious 
phenomenon of plants allied to those now growing beneath the tropics 
flourishing within the polar circles. Many ingenious hypotheses have 
been proposed to account for the warmer climate of earlier times, but 
are at best unsatisfactory, and it would appear that the true solution 
of the problem may be found in the constitution of the early atmosphere, 
when considered in the light of Dr. TyndaPs beautiful, researches on 
radiant beat. He has fotmd that the presence of a few hundredths of 
carbouic acid gas in the atmosphere, while offering almost no obstacle 
to the passage of the solar rays, would sufiice to prevent almost entirely 
the loss by ntdiation of obscure heat 

The aqueous vapor which our atmosphere contains exerts a powerful 
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influence of tlie same kind, allowing tbe sun's rays to reach tlie cartli, 
but preventing to a great extent the loss by radiation of the bent thui) 
communicated. When, however, the supply of beat from the sun is in- 
terrupted at night, tbe radiation which goes on into space causes the 
precipitation of a great part of the watery vapor lh)m tbe air, and the 
earth, being thus deprived of its protecting shield, becomes moie and 
more rapidly cooled. If uow we could suppose the atmosphere to be 
mingled with some permanent gas which should possess an absorptive 
power like that of aqueous vapor, this cooling process wouW l>e iu a 
great measure arrested, and an effect would be produced similar to that 
of a Bcreeu of glass, which keeps up the temperature beneath it, both 
directly by preventiug the escape of radiant heat, and indirectly by 
hindering the condensation of the aqueous vapor in the air confined be- 
neath. Bucb a gas is carlmnic acid, and the large amount of it which 
existed iu the atmosphere during former geological periods must have 
aided greatly to maintain the elevated temperatures which then existed 
at the earth's surface. Without doubt the greater extent of sea and the 
absence or rarity of high mountains contributed much to the mild cli- 
mate of former geologic ages; but to these must be added the intlueuce 
of tbe whole of the carbon since condensed in the forms of carbonate of 
lime and coal, which then existed as a transparent and permanent gas 
mingled with the atmosphere surronuding the earth, and protecting it 
like a dome of glass. To this effect of carbonic acid it is possible that 
other gases may have contributed. The ozone which is mingled with 
the oxygen set tree from growing plants, and the marsh-gas which is now 
evolved from decomposing vegetation, may, by their absorptive powers, 
which are iar greater than that of carbonic acid, have contributea 
greatly to maintain a high temperature at the earth's surface iu early 
times." 

§ 19. The part which vegetation has played iu thechemical history of the 
globe has not been limited to the purification of the atmosphere. It 
seems to have been tbe great agent tlu^ugh which solar force has effected 
a partial deoxidation of the thoroughly burned or oxidized materials of 
the primitive world. By means of growing plants carbonic acid and 
water are reduced, giving rise to the various forms of carbon and to 
hydrocarbonaceous bodies, and these have been the agents by which tbe 
Bulphates of the metaU have been deoxidized, and sulphur, native 
metals, and metallic sulphides produced. It is moreover by the reducing 
action of decaying organic matters that the peroxide of iron is partially re- 
duced and removed in a soluble form from sediments, to be afterwanis 
deposited in the form of iron ore. The evidences of this reducing and 
dissolving action of organic matter are met with not only in the fire- 
clays and iron-stones of the carboniferous system, and among secondary, 
tertiary, and modem deposits, but on a grand scale in the Laureutian 
system, where great thicknesses of sediments are found almost destitute 
of iron, while beds of iron ore more extensive than at any subsequent 
periods are evidences of the abundance of organic matters at that early 
time. If these are not more frequently preserved in the form of an- 
thracite and graphite, it is because the amount of i)eroxide of irou dif- 
fused through the sediments of the x>eriod furnished the oxygen neces- 
sary for the oxidation of the carbon. Inasmuch as the ores of these old 
rocks, in their present forms of hematite and maguetite, are very insolu- 
ble, and represent so much iron withdrawn from the terrestrial circula- 
tion, it is evident that the proportion of this element, existiui: iu a dif- 

* T. S. Hunt, On tiie Earth's Climate, ete., American JoumEd of Scieace, [3,] i:£xvi,306, 
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tased und oxidized state ia recent Bediments, mnat be less in those of 
more i"emot« fiiiiea." 

To the chemist the presence of graphite, or of a metallic snlphide iu 
a rock, affords clear evidences of the intervention of organic life ; and 
these indirect evidences are met with not only in the oldest known strati- 
fled rocks, those of the Lnurentiau system, but in the eruptive 
diorites, which rise fix)m beneath them, and are pyritiferous. Tbepresence 
of gnipliite, native iron, and sulphureta iu most aerolites, not to mention 
the bydrocarbonaceoua matters which they sometimes contain, t«Us us 
in unmistakable language that these bodies come from a region where 
vegetable life has performed a purt not unlike that which still plays on 
our globoj and even lead us to hope for the discovery in them of organic 
forms which may give us some notion of life in other worlds thau our 
own. 

§20. Auimal.Iife has played in the cUemica] history of our planet a 
paTt mneh less important than vegetation, since it is entirely, depend- 
ent for support upon the products elaborated for it by plants, and by 
chemical forces. Thus, although many limestones are made up chiefly, 
and even wholly of the calcareous remains of marine animals, these 
did no more than appropriate from the water the carbonate of lime 
generated by the chemical actions explained in §17. If the waters of 
the present ocean do not deposit carbonate of lime, it is simply because 
the amount of it now generated by the slow decomposition of the solid 
rocks is not more than is required for the living organisms which it con- 
tains. Let these become extinct and the supply of carbonate of lime, 
which would still continue, would soon cause deposits of precipitated 
carbonate of lime. Such a condition of things existing in past ages, in 
limited basins, has given rise to sediments of tliis kind, which constitute 
some of the finest statuaiy marbles. 

The waters charged with the products of the sub-aerial decay of rocks, 
convey to the sea, as we have seen, bicarbonates of alkahcs, lime, and 
magnesia J but fromthereactionof these on the chloride and sulphate of 
calcium in the ocean waters carbooatA of lime alone separates, since bi- 
carbonate of magnesia decomposes chloride of calcium with formation 
of magnesian chloride. When, however, in a closed sea-basin all of the 
chloride of calcium is decomposed, the chloride of magnesium is attacked 
by the alkaline carbonates, and the resulting carbonate of magnesia is 
separated, mixed with the carbonate of lime which bad accompanied 
these. 

When into a similar closed basiUj or an evaporating salt lake in adry 
region, holding sulphate of magnesia, there is conveyed a water charged 
with bicarbonate of lime, there results a double decomposition, giving 
rise to sulphate of lime and bicarbonate of magnesia. The latter, being 
the more soluble salt, remains dissolved, while the sulphate of lime crys- 
tallizes out in the form of gypsum, but at a later period is deposited as a 
hydrated carbonate of magnesia, generally mixed with carbonate of lime. 
To effect this reaction it is necessary that there shouldbepresentsuchan 
excess of carbonic acid as to keep the magnesia in the conditiou of bi- 
carbonate until the gypsum has crystallized out, inasmuch as dissolved 
sulphate oflime is readily decomposed by carbonate of magnesia. This 
condition can only be attained by especial precautions in the atmosphere 
of our period ; but by operating in an atmosphere more highly charged 
with carbonic acid, the production of gypsum and magnesian carbonate 
by this reaction is readily effected. We may hence conclude that it 
was the more highly carbonated atmosphere of early periods which 
• Geology of Canada, 1863, p. &73. . . i l^ .0<>^^IC 
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favored the occnmulatiou of the great beds of gypauui and magnesiaii 
limestones which generally eecompany the salt deposits of past geologi- 
cal periods. The hydrated magiiesian carbonate, whether the con- 
comitant of gypsum, as in this case, or of chloride of sodium, as in the 
former reaction, nnites chemically with the associated carbonate of lime, 
asd gives rise to dolomite or magnesian limestone.* 

§ 21. The action of carbonated alkalino waters on ztie salts of the sea 
nnder ordinary conditions thus gives rise to carbonate of lime, and it is 
only nnder peculiar circumstances that magnesian carbonate is sep- 
arated. The case is, however, changed with silicated alkaline waters 
coming from deep seated silicated rocks, which undergo a decomposi- 
tion without the intervention of the atmospheric air, and hold dissolved 
silicates of alkalies and of lime. These reacting on the magnesian salts 
dissolved in sea-water give rise to magnesian silicates, which are very 
insoluble. Heuce we &eqnently find deposits of magnesian silicates 
in sediments, while silicates of lime are comparatively rare. In the 
Bolnbility of bicarbonate of magnesia and the insolubility of the 'cor- 
responding lime salt, and in the insolubility of magnesian silicate and 
the Bolability of silicate of lime, we find a simple explanation of the geo- 
logical relation of calcareous and magnesian silicates and carbonate8.t 

§ 22. The relations of the alkalies, potash and soda, require some 
consideration in this connection. The silico-aluminous compounds of 
potash possess a much greater degree of stability than those of soda. 
This is exemplified in the case of rocks which contain, side by side, 
ortboclase and albite, or oligoclase, when it is often found that the soda- 
feldspar has undergone decomposition &om a loss of a portion of its 
alkali and partial disintegration, wliilo the orthoclase or potash-feldspar 
remains unchanged. It is well known that watws holding large portions 
of potash salts in solution, exchange the jiotasb for soda when filtered 
through a stratum of earth in which the amount of potash is, neverthe- 
less, as great or greater than the soda ; and we find that in natural spring- 
waters, which often contain considerable amounts of alkaline carbonates, 
the proportion of potash to the soda is as small as in the ocean. Sur- 
face-waters bearing tho unfiltered wash of the land carry considerable 
portions of potash to tl^e sea, but it is constantly removed, partly, at 
least,' by the agency of fncoids, wliich, as Forchammer has shown, like 
land-plants, take up large amounts of potash, and subsequently, by 
their decay iu contact witli the argillaceous mud, restore the alkali in an 
insoluble form to the earth. The formation of glauconite, a peculiar 
silicate rich in potash^ which has been going on in the bottom of the sea 
from a very early period to the present time, has also been constantly 
withdrawing the potash from the ocean, so that soda is still the predomi- 
nant base in its waters. 

§ 23. The changes of silicated rocks under the influence of water, 
carbonic acid, and the products of decayuig organic matter, present 
several points of interest. The chemical decomposition of feldspars con- 
sists iu the removal of their protoxide bases, alkalies, and lime, together 
with a portion of silica, leaving as a final result a hydrous silicate of alu- 
mina or clay. This change is favored by mechanical division, and Dau- 
brfe has shown that by the prolonged attrition of the particles of granite 
under water, the softer and cleavable feldspar is, in great part, reduced 
to an impalpable powder, while the uncleavable quartz forms rounded 
grains of sand, the water at the same time dissolving from the feldspar a 
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certain portion of alkali and silica. The soda-feldspars, being moreea^ily 
decomposed and disintegrated by atmospheric influeuces, are broken up 
by mechanical agencies more readily than the potash-feldspar. The same 
is trae of silicates like hornblende and pyroxene, which are less hard than 
the feldspars. From the mechanical and chemical disintegration of 
ordinary crystalline rocks, which consist chiefly of these various minerals, 
together with quartz, there will result a coarse sandy sediment, in which 
quartz with more or less ortlioclase will prevail, while the fluer mud 
will contain only the more minutely divided particles of these, together 
with partially decomposed soda-feldspar, cliiy, and the comminuted 
hornblende and pyix>xen& 

§ 24. This process ia evidently one which must go on in the wear- 
ing away of rocks* by aqueous agency, and explains the fact that while 
«]uartz, or an excess of combined silica, is, for the most part, wanting in 
rocks which contain a large portion of alumina, it is generally abundant 
in those rocks in which potash- feldspar predominates. The coarser and 
more silicions sediments are readily permeable to uifiltrating waters, 
which gradually remove from them the soda., lime, and magnesia which 
they still contain, and, if organic matters intervene, the oxide of iron, 
leaving at last little more than silica, alumina, and potash, the elements 
of granite, trachyte, gneiss, and mica-schist. On the other hand, the finer 
sediments, whose origin, simultaneous with the coarser, we have just 
explained, resisting the penetration of waters, will retain all their soda, 
lime, magnesia, and iron-oxide, and containing an excess of alumina, 
with a small amount of silica, may, by their metamoipfaism, give rise to 
basic lime and soda^feldspars, and to pyroxene and hornblende — the 
elements of diorites and dolerites. 

^ 25. The disintegration of alkaliferous rocks, however, frequently 
takes place under such conditions as to be more mechanical than chemi- 
cal, and it may often happen that sediments still retaining a considerable 
amount of combined soda become mingled with carbonates of lime and 
magnesia. The reaction which then goes on between the liberated 
alkaline silicate and these earthy carbonates gradually effects the con- 
version of these into silicates^ while the alkali is eliminated in the form 
of soluble ciirbonate of soda, giving rise to alkaline mineral waters, which, 
as 1 have shown, are abundantly generated in sediments where feldspathic 
matters and earthy carbonates are intermingled. It is only &om rocks 
destitute of these carbonates that silicated alkaline waters can issue. 

§ 26. A decomposition more exclusively chemical is observed particu - 
lariy among the crystalliue schists of tropical and semi-tropical regions, 
where a process of disintegration often destroys the cohesion of the 
rocks to a considerable depth. This change, which has been but imi>cr- 
fectly studied, is probably dependent in great part on the action of the 
soluble products of vegetable decomposition, aided by the elevated tem- 
perature. It, however, requires careful investigation; and a considera- 
tion of the causes which have induced it, and the extent to which it may 
have in former periods prevailed on the earth's surface, is of great geolo- 
gical importance, since the immense erosion of which geognosy uSbrds 
us evidence, and which seems so difBcutt to explain if we conceive the 
rocks to have been as hard as we now find them in many regions, becomes 
J moreeasUyintelligibleif we suppose the cohesion of the crjstalline rocks 
' to have been previously much weakened by decay. 

§ 27. The operation of the mechanical and chemical agencies which pre- 
side over the disintegration of pre-existing rocks naturally divides the 
insoluble products into two types, approaching in chemical composition, 
as we have shown, to granites, gneiss, and mica-schist, on the one hand. 
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and to diorites aud dolerites on the other. These correspond to the two 
clasBes of igneous rocks designated by Bnnsen as the trachytic and 
pyrosenic tji>es. 

§ 28. There ia, however, a third source of silicated rocks, to which 
some allusion has aJreaily been made in speaking of the production of 
magnesian silicates by direct precipitation, as the result of diemical 
changes in solutions. In this way have been formed, besides these and 
related protoxide silicates, other silicates, including aluntlua. This base 
in certain conditions as yet but imperfectly understood, passes into 
solution in water, and has given rise to complex silicates, including pro- 
toxide bases. As I have elsewhere expressed it, not only steatite, pyrox- 
ene, hornblende, and serpentine, but chlorite and, in many cases, garnet 
aud epidot«, have had their origin in the crystallization and molecular 
re-armngeinent of natural silicates, generated by chemical processes in 
aqueous solutions at the earth's surface. To these most be added other 
silicates, containing alkalies, chiefly potash, such as glauconite, aud a 
hydrous silicate of alumina and potash which has the composition of 
pinite or agalmatolite and forms beds in the setlimentary rocks of dif- 
ferent geological periods. Evidences abound of the solution of alumina, 
and of the generation, as chemical precipitates, of various alnminiferous 
silicates. These, like the similarly-formed protoxide silicates, are in 
most^ if not all cases, highly basic, and moreover, from the mechanical 
conditions of their prodnction and deposition, are found associated and 
even intermingled with the finely-divided basic sediments of mechanical 
origin. The aluminous silicates thus formed, though mineralogically 
important, are probably small in amount when compared with the great 
mass of argillaceous sediments. 

§ 29. The chemical changes which are wrought in the silicated itMiks 
during their mechanical disintegration are, as we have seen, chiefly the 
elimination of the alkalies, especially the soda, in a soluble form from 
its aluminous compounds, and the separation and accnmulatiou of the 
oxide of iron. The decomposition of the silicates of lime and magnesia 
which takes place is, to a great extent, compensated for by the regene- 
ration of similar compounds by the reaction already explained, but the 
mean composition of the argillaceous sediments of any geological epoch 
will depend not only upon the age of a formation, bnt upon the number 
of times which its materials have been broken up, and the length of the 
periods during which they have been exposed, in an unmetamon>hosed 
condition, to the action of water, carbonic acid, and vegetation. If, how- 
ever, we may assume that this action, other things being equal, has on 
the whole been most complete in the newest formations, it is evident 
that the chemical and miaeralogical composition of different systems of 
rocks must vary with their antiquity, so that we may find in their com- 
parative study a guide to their respective ages. Silicious deposits, and 
chemical precipitates, like the carbonates and silicates of lime and mag 
nesia, may exist, with similar characters, in the geological formations of 
any age,"not only forming beds apart, but mingled with the less perme 
able silico-alaminous sediments of mechanical origin. Inasmuch as the 
chemical agencies giving rise to these compounds were then most active, 
they may be expected in greatest abundance in the rocks of the earUer 
periods. In the case of tiie more permeable and tbore highly silicious 
sediments already noticed, (§ 24,) whose principal elements are silicd, 
alumina, and alkalies, the deposits of different ages will be marked 
chiefly by a progressive diminution in the amount of potash and in the 
disappearance of the soda which they contain. In the oldest or least 

' Otolfygy of Cnnada, Report, 1866, page 230. 
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lixiviated roclis tbc proportion of alkali vill be nearly or quite safflcieot 
to form ortboclase or albite vith th^ whold of the alumina present, bat 
as the alkali diminisIieB, a portion of the alamina will crystallize, upon 
tbe metaiuorphism of the sediments, in tbeform of axx^t^^i^h-mica, such as 
mnscoTite or mai^rodite. While the osygen-ratio between the alum- 
ina and the alkali in the feldspars just nained is 3 : 1, it becomes C : 1 in 
margarodite and 12 : 1 in muscovite. The appearance of these micas in an 
aluminous rock denotes, then, a diminution in the amount of alkali, until 
in some strata tbe feldspar almost entirely disappears, and tbe rock be- 
comes a qnartzose mica-schist. In sediments still further deprived of 
alkali, metamorphism gives rise to schists filled with crystals of kyanite or 
of andalusite, simple silicates of alumina, into which alkalies do not ea- 
ter, at least in noticeable qnantities ; but, in case the sediment still retains 
oxide of iron, stanrolite and iron-garnet take their place. The matrix 
■of all these minerals is generally a micaceous schist. The last term in 
this exhaustive process ap})ear8 to be represented by the distheue and 
pyrophyllite rocks which occur in some regions of crystalline schists. 
In conformity with what has just been pointed ont, it will be seen that 
these aluminous silicates destitute of alkalies do not occur in tbe oldest 
known sediments; in those of the Laurentian system, in which also mica 
is found in comparatively small quantities, nearly all the alumina present 
bein;; in the form of orthoclase or albite.* 

§ 30. By metamonthism in geology is understood the change of chem- 
ical and mechanical sedimentary deposits into crystalline stratified 
rocks. The conversion of these sediments into definite mineral species 
has been eftected in two ways: First, by molecular changes — that is to 
Bay, by a crj-stalline arrangement of particles of definite compounils 
previously formed ; and, secondly, by chemical reactions between the ele- 
ments in heterogeneous sediments, giving rise to new compounds, which 
become crystalline in their turn. Pseudomorphism, which is the change 
of one mineral species into another by the introduction or the elimina- 
tion of some element or elements, presupposes metamorphism, since only 
definite mineral species can be the subjects of this process. To confound 
metamorphism with pseudomorphism, as Bischof and others after him 
hare done, is therefore an error. It may be further remarked that 
although certain pseudomorphic changes may take place in some min- 
eral speciesexisting in veins and near to exposed surfaces, the alteration 
of great masses of silicated rocks by such a process is as yet an unproved 
hyitothesis. 

§ 31. The cases of local metamorphism in proximity to intrusive rocks 
go far to show, in opposition to the views of certain geologists, that 
heat has been one of the necessary conditions of the chemical change. 
The source of this heat is generally admitted to be (torn below, but to 
the hypothesis of alteration by ascending heat Naumann has objected 
that the inferior strata in some cases escape change, and that, in descend- 
ing, a certain plane limits the metamorphism, separating the altered 
strata above from the unaltered strata beneath, there being no apparent 
transition between the two. This, taken in connection with the well- 
known fact that in many cases the intrusion of igneous rocks causes no 
apparent change in the adjacent nnaltered sediments, shows that heat 
and moisture are not the only conditions of metamorphism. I showed, 
by experiments in 1857, that, in addition to these couditions, certain 

'Foradiscnesion of thisnnbject seemypapnr od Tlio Chemicnl nnil Mincralogii:*! 
BulationHnfMetaDioq>bicBocl(a, Dublin QuiulPTly Journal ol'Scicnco, July, 16u3; al»u 
Oeolugy of Cuoodo, ltf63, page 56t, and chap. XIX, of tlic aaniu wurk. 
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chemical reagents might be oecessary, and that water iaipregaated with 
alkaline carbonates and silicatea would, at a temperature not above 100° 
centigrade, produce chemical reactions among the elements of many 
'sedimentary rocks, dissolving silica and generating various insoluble 
silicates." Subsequent experiments by Daubr^e contirmed these results 
of mine, and both together showed the agency of heated alkaline waters 
to be sufiicient to efiect the nietamorpliism of sediments by the two 
modes already mentioned, namely, by molecular changes and by chem- 
ical reactions. 

§ 32, Daubr^e further showed, by his observations on the thermal 
alkaline spring at Flombieres, that its waters, at a temperature of 7(P 
centigrade, bad in the course of centuries given rise to the formation of 
zeolites and other crystalline silicated minerals among the bricks and 
mortar of the old Roman baths. The inflnence of similar waters may 
account for many cases of local metamorpbism, but is utterly inadequate 
to explain the complete and universal alteration of great areas of sedi- 
mentary rocks, embracing many hundreds or thousands of square miles. 
On the other Land, the study of the origin and distribution of mineral 
springs shows that alkaline waters, whose action in metamorithism I 
first pointed out, and whose efficient agency Daubr^e bos since so well 
shown, are confined to certain sedimentary deposits and to definite 
stratigraphical borizoos, above and below which saline waters wholly 
different in character are found impregnating the strata. This fact 
offers a simple solution of the dithculty advanced by Naumann, and a 
complete exi)lanation of the theory of metamorpbism of deeply-buried 
strata by the agency of ascending beat, which is operative in producing 
chemical changes only in those strata in whicli soluble alkaline salts are 
present. 

§33. Wuhave said that the metamorpbism of sedimentsincludes both 
hemical and crystallogenio changes. The gradual transformation of 
amorphous precipitates under wat«r into crystalline aggregates, so often 
observed in the laboratory, appears to depend upon partial solution and 
re-deposition of the material, which must not be entirely insoluble in the 
surrounding liquid. If the solvent i>ower of this be reduced, the dis- 
solved portions are deposited on certain particles rather than others. 
By a sobseqnent exaltation of the solvent power of the liquid, solution 
of a furi,ber portion takes place, and this, in its turii, is deposited 
around the nuclei already formed, which are thifs augmented at the 
expense of the smaller particles, until these at length disappear, being 
gathered to the crystalline centers. Such a process, which has been 
studied by H. Deville, suffices, under the influeuce of the changing tem- 
perature of the seasons, to convert many fine prexjipitates into crystal- 
line aggregates, by the aid of liquids of slight solvent powers. A simi- 
lar agency may be supposed to have efl'ected the crystallization of buried 
sediments, and changes in the solvent power of the permeating water 
might be due either to variations of temperature or of pressure. Simul- 
taneously with this process one of chemical union of heterogeneous 
elements may go on, and in this way, for example, we may suppose the 
carbonates of lime and magnesia become united to form dolomite or 
magnesian limestone. (§ 20.) 

§ 34. When the sedimentary strata have thus been rendered crystal- 
line by metamorpbism, their permeability to water and their alterabibty 
thereby become greatly diminished ; and it is only when again broken 
down by mechanical agencies to the condition of soils and sediments 
that they once more become subject to the chemical changes which have 
* T. 8. Hunt, Ameriam Joarnal of Scieoce, [2,] iiiii, 407 ; sxv, 287-4S7, 
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been described iii ^ 23. While the crystalUue stratified rocks are but 
slightly porons the unaltered strata hold latge quantities of water in their 
pores. The mean of thirty-six detftnniuations upon sandstonea, shales, 
limestones, and dolomites from tweiity-flve diflerent localities among 
the unaltered paleozoic sediments of Canada showed that 7.75 volnmes 
of water were held in 100 volumes of the thoroughly-moistened rock. 
The proi>ortion varied from less than 1.0 per cent, in the more compact 
Umestones, to 10.0 and even 21.0 per cent, in the sandstones, an amunut 
which is greatly exceeded in some more recent limestones.* A large 
proportion of the ocean's waters is thns imprisoned in the vast volume 
of unaltered sediments, and set free when these become metamor]>hosed, 
a process which is attended with a corresiwnding reduction of volume. 
In addition to this, moreover, the clays and other hydrated silicates lose 
a large part of their chemically-corabiued water during metamorphisni, 
and become changed into crystalline compounds of increased density. 
This becomes obvious when we compare the specific gravity of such 
species as garnet, epidote, chloritoid, staurolite, andalusite and kyanite 
vith that of the unaltered sediments iu the midst of which they are gen- 
erated. From this condensation, then, as well as trom the mecliauical 
contraction consequent u[X)n the ezpalsion of water, the metamorphisni 
of sediments is attended with a very considerable diminution of bulk, 
which is not without geological significance. It results from the exper- 
iments of Sorby (§ 14) that such chemical changes as are accompanied by 
condensation or diminution of volume are favored and accelerated by 
pressure, which may thns become a direct agent in promoting meta- 
morphism as well as solution. 

§ 35. The crystallization which takes place iu sedimentary rocks not 
unfrequently effaces more or less completely the traces of their stratified 
and sedimentary origin, as is seen, for example, iu many gneisses, which 
are scarcely distinguishable from granite. The study of such rocks, 
moreover, affords abundant proof that this alteration has been attended 
with such a softening that the material has been molded by pressure, 
forced into fissures or openings in less fnsjble or less heated strata, and 
thus taken the form of what is designated as eruptive rocks. The action 
of heat upon sedimentary rocks is not, however, confined to condensa- 
tion,crystallization,aDdsofteuiug; strata in which carbonates, sulphates, 
chlorides, and carbonaceous substances are mingled with silicious and 
argillaceous matters, will, at a sufficiently-elevated temperature, in the 
presence of water, undergo such changes as must liberate carbonic acid, 
hydrochloric acid, and sulphuretted hydrogen, which are the common 
gaseous accompaniments of volcanic action. From these considerations 
we are led to a rational theory of volcanic and eruptive rocks, which we 
conceive to have their seat, not in an nncougealed portion of the once 
liquid globe, but in the more deeply-buried portions of that disinte- 
grated crust whose origin has been explained in § 14. 

^ 36. The history of this theory forms an interesting chapter in 
geology. As remarked by Humboldt, a notion that volcanic phenomena 
have their seat in the se<limeutary formations, and are dependent on the 
combustion of organic substances, belongs te the infancy of geology. 
TV) this period belong the theories of L^mery and Breislak, (CoBinos, v. 
443 ; Otte's translation.) Keferstein, in his Naturt/eschichte oes Erdkijr- 
pera, published in 1834, maintained that all crystalline non-stratified 
rocks, from granite to lava, are products of the transformation of sedi- 
mentary strata, iu part very recent, and that there is no well-defined 
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line to be drawn between ncptauian and volcanic rocks, aiuce tbcy pass 
into each otber. Volcanic phenomeua, according to him, have thoir 
origin, not in an igneous fluid center, nor in an oxidizing metallic 
Qocleus, {Davy, Daubeny,) but in known sedimentary formations, where 
they are the result of a peculiar kind of fermentation, which crystallizes 
and arranges in new forms the elements of the sedimentary strata, with 
an evolution of heat as a result of the chemical process, {Naiurge«ckickte, 
vol. i, p. 100 ; also Bulletin de la Son^t-e O^loffique de France, [Ij, vol. 
vii, p. 197.) In commenting upon these views, [Americah Journal of 
Science, July, 18C0,) I have remarked that, by ignoring the incandescent 
nucleus as a source of heat, Keferstein has excluded the true exciting 
cause of the chemical changes which take place in the buried sediments. 
The notion of a subterranean combustion or fermentation, as a soorce ot 
beat, is to be r^ected as irrational. 

§ 37. A view identical with that of Kcfersteiu, as to the seat of vol- 
canic phenomena, was soon after put forth by Sir John Herscfacl, in a 
letter to Sir Charles Lyell, in 1830, {Proceedings of the Geological Society 
of London, ii, 548.) Starting from the suggestion of Serope and Babbage, 
that the isothermal horizons in the earth's crust must rise as a conse- 
quence of the accumulation of sediments, he insisted that deeply-buried 
strata will tbus become crystallized by heat, and may eventually, with 
their included water, be raised to the melting point, by which process 
gases would be generated, and earthquakes and volcanic eruptions follow. 
At the same time tbe mechanical disturbance of the equilibrium of pres- 
sure, consequent upon a transfer of sediments^ wbile the yielding surface 
reposes on matters partly liquified, will explain the movements of eleva- 
tion and subsidence of the earth's crust. Herschel was probably ignorant 
of tbe extent to which his views had been anticipated by Keferstein ; and 
the suggestions of tbe one and the other seemed to have passed unnoticed 
by geologists until, in March, 1858, 1 reproduced them in a paper read 
before the Canadian Institute, (Toronto.) being at that time acquainted 
with Ilerscbcl's letter, but not having met with the writings of Kefer- 
stein. I tbere considered tbe reactions wliich would take place under 
the influence of a high temperature in sediments i>ermeated with water, 
and containing, besides silicious and aluminous matters, carbonates, sul- 
phates, chlorides, and carbonaceous substances. From these, it was 
sbown, might be produced all the gaseous emanations of volcanic dis- 
tricts, while from aqueo-igneous fusion of the various admixtures might 
result the great variety of eruptive rocks. To quote tbe words of my 
paper just referred to : " We conceive that the earth's solid crust of 
anhydrous and primitive igneous rock ia everywhere deeply concealed 
beneath its own ruins, which form a great mass of sedimentary strata, 
permeated by water. As beat from beueath invades these sediments, it 
produces in tbem that change which constitutes normal metamorpbism. 
These rocks, at a sufBcient depth, are necessarily in a state of igneo- 
aqneous fusion ; and iu tbe event of fracture in tbe overlying strata, 
may rise among them, taking tbe form of eruptive rocks. Wbeu the 
nature of the sediments is such as generate great amounts of elastic 
fluids by their fusion, earthquakes and volcanic eruptions may result, 
and these— other things being equal — will be most likely to occur under 
the more recent formations." {Canadian Journal, May, 1858, vol. iii, p. 
207.) 

§ 38. The same views are insisted upon in a paper " On some points in 
Chemical Geology." (Quarterly Journal of the Geological Society, Lon- 
don, November, 1859, vol. xv, page 5d4^,) and have since been repeatedly 
put forward by me, with further explanations as to what I hare designated 
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above, the riiias of tJte crust of anhydrous and primitive tgneout rock. Tliia. 
it is conceived, must, by contraction in cooling, bave become porous and 
penneable,foracoiisid(^>rable depth, to the waters afterward precipitated 
upon its surface. In this way it was prepared alike for mechanical disin- 
tegration, and for the chemical action of the acids, whichj as shown in \ IC, 
must bave been present in the air and the waters of the time. It is, more- 
over, not improbable that a yet uusolidiflcd sheet of molten matter may 
then have existed beneath the earth's crust, and may bave intervened in 
the volcanic phenomena of that early period, contributing, by its extra- 
vasation, to swell the vast amount of mineral matter then brought within 
aqueous and atmospheric influences. The earth, air, and water thus made 
to react u[>on each other, constitute the first matter from wbicb, by 
mechanicaland chemical transformations, the whole miueral world known 
to us has been produced, 

5 39. It is the lower portions of this great disintegrated and water-im- 
pregnated mass which form, according to the present hyijotheais, the 
semi-liquid layer supposed to intervene between the outer solid crust 
and the inner solid and anhydrous nucleus. In order to obtain a correct 
notion of the condition of this mass, both iu earlier and later times, two 
points must be especially considered, the relation of temperature to depth, 
and that of solubility to prcssura It being conceded that the increase 
of temperature in descending in the earth's crust is due to the transmis- 
won and escape of heat from the interior, Mr. Hopkins showed mathe- 
matically that there exists a constant proportion between the effect of 
internal heat at the surface and the rate at which the temperature in- 
creases in descending. Thus, at the present time, while the mean tem- 
perature at the earth's stutface is augmented only about one-twentieth of 
a degree Fahrenheit, by the escape of heat Irom below, the increase is 
found to be equal to about one degree for each sixty feet in depth. 
If, however, we go back to a period in the history (>f our globe when the 
heat pitssing upwards through its crust was sufficient to raise the super- 
ficial temperature twenty times as much as at present, that is to say. 
one degree of Fahrenheit, the augmentation of heat in descending would 
be twenty times as great as now, or one degree for each three feet in 
depth, ( Geological Journal, viii, 59.) The conclusion is inevitable that a 
condition of things must have existed daring long periods in the history 
of the cooling globe when the accumulation of comparatively thin layers 
of sediment would have been sufficient to give rise to all the phenomena 
of metamorphism, vulcatiicity, and movements of the crust, whose origin 
Herschel has so well explained. 

§ 40. Coming, in the nest place, to consider the influence of pressure 
upon the buried materials derived from the mechanical and chemical dis- 
integration of the primitive crust, we find that by the presence of heated 
water throughout them, they are placed imder conditions very unlike 
those of the original cooling mass. While pressure raises the fiisini; 
point of such bodies as expand in passing into the liquid state, it depresses 
that point for those which, like ice, contract in becoming liquid. The 
same principle extends to that liquefaction which constitutes solution ; 
where, as is with few exceptions the case, the process is attended with 
condensation or diminution of volume, pressure will, as shown by the ex- 
periments of Sorby, augment the solvent power of the liquid. Under the 
influence of the elevated temperature, and the great pressure which pre- 
vail at considerable depths, sediments should, therefore, by the effect of 
the water which they contain, acquire a certain degree of liquidity, ren- 
deringnot improbable the suggestion of Scheerer, that the presence of five 
or ten per cent, of water may suffice, at temperatures approaching red- 
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nes8, to give to a grauitic maas a liquidity partaking at once of the charac- 
ter of an igneous and an aqueoiiB fnainn. The studiea by Mr. Sorby of 
tbc cavities in crystals have led him to cMinclDde that the constitacnta 
of granitic and trachytie rocks have crystallized in the presence of liqnld 
water, nnder great pi-easnre, at temperatures not above redness, and con- 
sequently very far below that required for simple igneous Vision. The 
intervention of water iu giving liquidity to lavas, has, in fact, long been 
taught by Scrope, aud notwithstanding the opposition of plutonistH like 
Durocher, Fonrnet, and Ridfsre, is now very generally admitted. In 
this connection, the reader is referred to the Geological Magazine for Feb- 
ruary, 1868, page 57, where the history of this qnestion is discussed. 

% 41. It may here be remarked that if we reganl the liquefaction ot 
heated rocks under great pressure, and in presence of water, as a pro- 
cess of solution rather than of fusion, it would follow that diminution 
of pressure, as supposed by Mr. Scrope, would cause riot liquefaction, 
but the reverse. The mechanical pressure of great accumulations of 
sediment is to be regarded as co-operating with heat to augment the 
solvent action of the water, and as being thus one of the efficient causes 
of the liquefaction of deeply-buried sedimentary rocks. 

5 42. That water inter\-ene8 not only in the phenomena of volcanic 
eruptions, but in tlie crystallization of the minerals of eruptive rocks, 
which have been formed at temperatures far below that of igneous fusion, 
is a fact not easily reconciled with either the first or the second hypoth- 
esis of volcanic action, but is in perfect accordance with the one here 
maintained, which is also strongly supported by the study of the chem- 
ical composition of igneous rocks. These are generally referred to two 
great divisions, corresponding to what have been designated the trachy- 
tie and pyroxenic types, (§ 27,) and to account for their origin, a separa- 
tion of a liquid igneous mass beneath the earth's crust into two layers 
of acid and basic silicates was imagined by Phillips, Durocher, and 
Bnnsen. The latter, as is well known, has calculated the normal com- 
position of these supposed trachytie and pyroxenic magmas, and con- 
ceives that from them, either separately or by admixture, the various 
eruptive rocks are derived ; so that the amounts of alumina, lime, mag- 
nesia, and alkalies sustain a constant relation to the silica in the rock. 
If, however, we examine the analyses of the eruptive rocks in Hungary 
and Armenia, made by Streng, and pnt forward in support of this view, 
there will be found sncb discrepancies between the actual and the cal- 
culated results as to throw grave doubts on Bunsen's hypothesis. 

§ 43. Two things become apparent bora a study of the chemical na- 
ture of eruptive rocks : first, that their composition presents such varia- 
tions as are irreconcilable with the simple origin generally assigned to 
them ; and second, that it is similar to tiiat of sedimentary rocks whose 
history and origin it is, iu most cases, not difficidt te trace. We have 
already pointed out (§ 27) how the natural operation of mechanical and 
chemical agencies tends to produce among sediments a separation into 
two classes, corresponding to the two great divisions above noticed. 
From the mode of their accumulation, however, great variations must 
exist in the composition of tbe sediments, corresponding to many of the 
varieties presented by eruptive rocks. The careful study of stratified 
rocks of aqueous origin discloses, in addition to these, the existence ot 
deposits of basic silicates of pecoliar tyx>€S. Some of these are in great 
part magnesian ; others consist of compounds like anorthite and labra- 
dorite, highly aluminous basic silicates, into which lime and soda enter, 
to ttie almost complete exclusion of maguesia and other bases ; while in 
the masses of pinite or agalmatelite rock we have a similar aluminous 
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silicate, in which liuie and magnesia are wanting, and iwtasU is the pre- 
domioaot alkali, (§ 28.) lu sucli scdimeDts as these just enumerated 
we find the representatives of eruptive roclvS like peridotite, phouulite, 
leocitophyre, and similar rocks, which are so many exceptioDS in the 
hasic group of Bunsen. As, however, they are represented in the sedi- 
ments of the earth's cnist, their appearance as exotic rocks, consequent 
upon a softening and extravasation of the more easy liqucflable strata 
of deeply hurled formations, is readily and simply explained. 

§44. In this connection a few words may be said about the popular 
notion which makes gi-auite the substratum of all stratified foruiatioas, 
and even identifies it with the supposed primitive erust of the globe. 
That this erust is everywhere concealed beneath its own ruins, and, more- 
over, that its composition must have been very different from granite, 
we have eudeavored to explain, (§ IG.) The Laurentian, the oldest known 
system of rocks, includes iu its vast volume great interstratified masses 
of gueiss, often closely resembling granite, and it is extremely probable 
that these, softened and extravasated, may form the eruptive granites 
which break throngh more recent systems of strata. These granitic 
gneisses are, however, clearly stratified, and hold, moreover, intercalated 
beds of quartzite and of limestone, often of great volume, and including 
the remains of an animal organism — the Eozoon Canadettee. The pre- 
dominance of feldspar, which gives the granitic character to the alumi- 
nous rocks of early periods, has already been explained iu §20 as result- 
ing from the great abundance of combined alkalies in these ancient 
rocks. The presence of quartz, an essential element alike in gneiss and 
granite, would suffice to show that granite is in all cases a secondary or 
derived rock, formed under aqueous influences — even had Sorby not 
shown that the minute crystal-cavities in the quartz of granitic rocks 
contain liquid water which mast have beeu introduced at the time of 
crystallization. Quartz has not only never beeu met with as a result of 
igneous fusion, but it is clearly shown by the experiments of Bose that a 
heat even much less than that required for the fusion of quartz destroys 
it, changing it into a new substauce, which differs both in chemical and 
physical properties firom quartz. We have pointed out iu § 16 the chemi- 
cal process by which it may bo supposed that silica was set free from 
the primitive silicated mass, under conditions which would permit its 
conversion into quartz. 

§45. The rocks mentioned in preceding sections are, as regards their 
geognostical relations, divided iuto stratified or indigenous aud erupted 
or exotic rocks, the latter being looked npon as the results of the soft- 
ening and displacement of the former. Besides these, it is necessary to 
distinguish a third kind of rock-masses, which, like the latter, occupy 
fissures iu prerioualy-formed rocks, hut are unlike them in origin, and 
have been deposited from aqueous solutions, ^e most familiar form of 
these is met with in the vein-siones of quartz, calcite, bary tine, and flnor, 
which are often the gangue of metallic ores. A careful study of the 
various kinds of veins and their relations leads us, however, to admit 
that almost all the minei'al species which occur in the preceding classes 
of rocks may exist in vein-stones, which, from the mode of their produc- 
tion, we have designated endogenous rocks. Calcareous veins in the 
Laurentian rocks may contain all the mineral species of indigenous lime- 
stones, and quartzo-feldspathic veins are made up of aggregates which 
are familiarly designated as granites. To these, iu fact, belong all those 
so-called granitic veins which are marked by containing fine crystalli- 
zations or rare mineral species. When, as is often the case, these nuurks 

r= izcdbvGoOglc 
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^;re wnntiuj; it is sonietiioes difficult to distiuguisb iu haud-siieciiuens 
between iudigcDon^, exotic, und endoKenous granites. 

§4C. The deposition of these mineral species from solution has doubt- 
less taken place under considerable degrees of heat and pressure, which 
could only exist at great depths in the earth's crust. Waters charged 
TTtth mineral elements by percolation through deeply-seated strata rise 
through fissures in these and deposit along the channels their dissolved 
matters, a process not so much tbe result of cooling as of that decrease 
of solvent power which must follow the diminution of pressure in accord- 
ance with Sorby's eonclasions.' 

547. Asiioiuted out iu §17, the first precipitates from the water of the 
primeval sea must have contained oxidized compounds of most of the 
heavy metals. These early deposits, by mechanical divi'sion or by solu- 
tion, became subsequently diftused, and entered into the composition of 
later sedimentary strata. Kemoved from these by watery solution, the 
metallic compounds have been, in different ages, brought to tbe surface 
to be deposited in some cases as oxides or carbonates, or reduced by the 
action of organic matters to the state of sulphurets or native metals, and 
mingled with the contemporaneous sediments in beds or in disseminated 
grains. During the subsequent alteration of the strata, these metallic 
matters, being taiien into solution, have been re-deposited in fissures in 
tbe metalliferous strata, forming veins, or, ascending to higher beds, have 
given rise to metal-bearing veins in strata not themselves metalliferous. 
The metals of the sedimentary rocks are now, however, far the greater 
part, in the form of insoluble sulphurets, so that we have only traces 01 
them in a few mineral springs, which serve to give a faint notion of the 
agencies at one time at work in the sediments and waters of the earth's 
crust. Like the iron, {§ 19) the^e metals have been in great part with- 
drawn from the terrestrial circulation. The frequent occurrence of these 
metals in waters which are alkaline from the presence of carbonate of 
soda, is significant, when taken in connection with the met^Uiferoas 
character of certaio dolomites, which probably owe their origin to the 
action of similar alkaline springs upon basins of sea-water, (§20.) The 
intervention of intense beat and fusion or sublimation to explain the 
origin of metallic ores is uncalled for. The solvent powers of water 
and of various saline, alkaline, and sulphuretted solutions at high tem- 
peratures, in connection with the notions above enunciated, will suffice to 
form the basis of a rational theory of metallic depositR.f 

§ 48. The consideration of the nature and origin of endogenous rocks 
has led to a digresaion to discuss the theory of metalliferous veins, which 
the plan of this essay did not permit us to treat before. We now resume 
the line of inquiry followed from § 36 to § 43, and proceed to consider the 
phenomena of volanoes and earthquakes iu accordance with the notions 
already put forward. 

Violent movements of the earth's crust are confined to certain regions 
of the globe, which are at the same time characterized by volcanic 

* Of thin ft Temnrkable example was afibrded in 1866 at Goderich, in Ontario, wliere, 
ftt B deptli of 1,000 feet, a bed of rock-salt was met, from which for n time a eatnrated 
or rather tupersatu rated brine was obtained. Ab an evidence of this, I saw a cube of 

pnre salt, oue-fourtb of an inch in diameter, which had fonned upon and around a pro- 
jecting point of an iron valve in the pnmp, above the surface of tbo ground. The liquid 
leneath a pressure of 1,000 feet of brine, oqaal to aboat 1,200 feet of water, or 36 at- 
moBpheres, having taken up more salt than it could hold at tbe ordinary preware, de- 
posited a portion of it as it reached the surface, and actually obstnicCed thereby tbe 
action of the pump. Afterafewmouthsof pumping, however, the well ceased to afford 
ft folly satnrated trine. , -. , 

lAinericanJoumalof Science, [2,] xxii, 405, and il, 813. r ,:.db, LjOOQIC 
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activity ; from wbicli it is rensonably inferred that tbe pheoomena of 
earthquakes and volcanoes have a common origin. The discbarge 
tbrongh openings in the earth's crust, of ignited stony matter, generally 
in a fused condition, and the disengagement of various gases and vapors, 
accompanied by movements of elevation or subsidence of considerable 
areas of tbe earth's surface, sometimes rapid and paroxysmal, and at- 
tended with great vibratory movements, are evidences of a yielding crust 
of solid rock resting upoo ao igneous and fluid mass below. To tbe 
same conditions are also to be ascribed the slow movements of ijortions 
of the earth's surface, shown in the rise and fall of continents iu regions 
remote from centers of volcanic activity. Tbe unequal tension of tho 
yielding crust and tbe sudden giving way of the overstrained portions 
are probably the immediate cause of earthquake phenomena; the seat 
of these, according to the dedactions of Mallet, is to be found at depths 
of from seven to thirty mites from the surface. 

1 40. Abrief description of the phenomena of volcanoes will here benec- 
essary. Volcanoes are openings in the earth's crust through which are 
discharged solid, liquid, and gaseous matters, generally in an intensely 
heated condition. Sometimes tbe ejected material is solid, and consists 
of broken, comminnted rock, or tlie so-called volcanic ashes. Oftener, 
however, it is discharged in a more or less completely ftised condition, 
constitating lava, which is sometimes fluid and glassy, but more fre- 
qneutly pasty and viscid, so that it flows slowly and with difficulty. 
The ^ected materials, whether liquid or solid, build np volcanic cones 
by successive layers — a fact which has been established by modem 
observers in opposition to the notion come down &cm antiquity, that 
volcanic hills are produced by an uprising or tumefaction of previously 
horizontal layers of rock by the action of a force from beneath. First 
among the gaseous products of volcanoes is watery vapor; water ap- 
pears not only to be involved in all volcanic eruptions, but to be inti- 
mately combined with the lavas, to which, as Scrope has shown, it helps 
to give hquidity. The water at this high tem]>erature is retniued iu 
combination under great pressure, but as this pressnre is removed passes 
into the state of vapor, a process whicti explains the swelling up of lavas 
and their rise in the craters of tbe volcanoes. Besides watery vapor, 
carbonic and hydrochloric acid gases, and hydrogen, both free and com- 
bined with sulphur and with carbon, are products of volcanoes, Tbe 
combustion of tbe inflammable gases in contact with air sometimes 
give rise to true burning mountains — a name which does not properly 
belong to such as give out only acid gases, steam, and incandescent 
rocky matters, which are incombustible. 

§ 50. The escape of elastic floids {torn lavas gives to them a cellular 
structare, but when slowly cooled under pressure, as seen in tbe dykes 
traversing the flanks of volcanoes, the stony materials assume a more 
solid and crystalline condition, and resemble the older eruptive rocks 
found in regions not now volcanic. These include grauites, trachytes, 
dolerites, basalts, &c., and are masses of rock which, though extrava- 
satcd after the manner of lavas, l>ecame consolidated iu the midst of 
surrounding rocks, and consequently nnder considerable pressure, (§ 37.) 
Their presence marks either tbe lower portions of volcanoes whose 
cones have been removed by denudatiou, or outbursts of liquelied rock 
which never reached tbe sorface. The escape of such matters, and the 
formation of volcanic vents, are but accidents in the history of tbe 
igneous action going on beneath the earth's surikce. We shall, there- 
fore, regard the extravasation of igneous matter, whether as lava or 
ashes at the surface, or as plutonic rock in the midst of strata, as, in its 
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vider sense, a mnmfcstation of mlcanicity, and for the elncidation of oar 
SQbject cousider both those regions characterized by great ontbursts of 
platoDie rock in former geologic periods and those now the seats of vol- 
canic activity, which, in these cases, can generally bo traceil back some 
distance into the tertiarj' epoch. To begin with the latter, the first and 
most important is the great continental region which may be described 
as including the Mediterranean and Aralo-Caspian basins, extending 
from the Iberian Peninsula eastward to the Tluan-Chan Monntains of 
Central Asia. In this great belt, extending over abont ninety degrees 
of longitude, are included all the historic volcanoes of the ancient world, 
to which we must add the extinct volcanoes of Murcia, Catalonia, Au- 
vergne, the Vivarais, the Eifel, Hungary, &c., some of which have pro- 
bably been active during the human period.* 

Besides the great region just indicated, must be mentioned that of 
our own Pacific slope, from Fuegia tx> Alaska, from whence, along the 
eastern shoro of Asia, a line of volcanic activity extends to the terrible 
burning mountains of the Indian archipelago. Volcanic islands are 
widely scattered over the Pacific basin, and volcanoes bam amid the 
thick-ribbed ice of the Antarctic continent. The Atlantic area is in like 
manner marked by volcanic islands from Jan Mayen and Iceland to the 
Canaries, the Azores, and the Caribbean Islands, and southward to 
Ascension, St. Helena, and Tristan d'Acunha. 

§ 51. The continents, with the exception of the two areas already 
defiued, present no evidences of modern volcanic action, and the regions 
of ancient volcanic activity, as shown by the presence of great out- 
bursts of eruptive rocks, are not less limited and circumscribed. In 
northern Europe the chain of the Urals, an area in central Germany, 
and one in the British Islands are apparent, and in Iforth America 
there appear to have been but two volcanic regions in the paleozoic 
l>eriod — oue in the basin of Lake Superior, and another, which may be 
described as occurring along either side of the Appalachian chain to the 
northeast, including the valleys of the lower St. Lawrence, Lake Cham- 
plain, the Hudson and Conoect^icut lUvers, and extending still further 
southward. The study of the various eruptive rocks of this region 
shows that volcanic activity in different parts of it was prolonged from 
the beginning of the paleozoic period till after its close. 

5 52. The theory of Keferstein and Herschel, esplaiued in § 37, shows 
in what manner volcanic phenomena may be directly dependent on the 
accumulation of sedimentary strata. It has already been shown that 
both temperature and pressure combine to produce in the lower portions 

*It isainost Bi^iGcuntfitct (hat thiBrcgionisnoarlyco-cxtunsivowith tbatoccnnicd 
for agm by tlio peM civilixicg races of thu worltl. From tbe plateau of CoDtrol Asia, 
tliruugboul tlieir ncstward migration to tbe pillars of llcrcuJcs, tfao Indo-Uuropean 
)iati»U8 nerc familiar ivitb the volcano and tbe eartbnuake; and tbat tbe Semitic race 
were nut atraugera to tho Bamo pbcnomena, tbe wbolo poetic imagery of the Hebrew 
Scriptures bears ample evidonco. In the language of tliuir writers, tho mountains aro 
molten, tbey quake and fall donii at tbo presence of the Uaity, nben tbe muUing liro 
bumoth. Tlio fury of Uia wrMb is poured forth like fire ; lie toncbetb tbp bills and 
they stmiUo ; while lire and sulphur como down to dcatroy tbo doomed cities of the 
plalo, whoso foundation is a molten flood. Not less docs tbe poetry nod tbo mytboloj^ 
of Greece and Kome hear the impress of tho netbcr I'calm of fire in whieh tbe volcano 
and the earthquake have their seat, and their ioQuence is conspicuons througbont the 
imagtuativu literature and the religious systems of the Indo-Euroi)ean nations, whose 
contact with these turrible manifestations of unseen forces beyond their foresight or 
control could not fail to act strongly oa their moral and iotellectual devctopmeut, 
which would have doubtless presented very dilTeront phases had the early homo of 
those races been tho Australian or the eastern side of tlie American continent, where 
volcanoes are uukiiown and the earthquake is scarcely felt. (From a lecture b^ore 
tho Amer. (icograpbical Society, April, 1809.) {.^tlOolc 
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of the sedimentary material a condition of igneo-aqueous Aision. It 
wotdd be foreign to our plan to discnss in this place the agencies whicb, 
&om early geologic periods, have been effecting the transfer of sedi- 
ments, alternately wasting and building-Tip continejits. One, Iiowever, 
i-equires notice in this connection, namely, the contraction of sediments 
consequent upon chemical changes, as already explained in ^ 34, which 
must result in subsidence. Such an effect may also result from the ex- 
travasation of great volumes of liquefied rock, and in either case the 
depressed portion of the snrfiice becomes a basin, in which sediments 
may subsequently accnmnlate, and by their weight upon the yielding 
stratum beneath continue the process of subsidence. While the lower and 
more fusible strata becomes softened, the great mass of the more silicious 
rocks, losing their porosity, become cemented into a comparatively rigid 
mass, and finally, as a result of the earth's contraction, or to counter- 
balance the depression of some other region, are uplifted as a hanleued 
and corrugated continental mass, from whose in-egular erosion results 
a mountainous region.* 

5 53. Those strata which, from their composition, yield, under the 
conditions just described, the most liquid products, are, it is conceived, 
the source of all plutonic and volcanic rocks. Accompanied by water^ 
and by difficultly coercible gases, they are either forced among the fis- 
sures which form in the overlying strata, or find their way to the sur- 
face. The variations in the composition of lavas and their accompanying 
gases in different regions, and even from the same vent at different 
times, are strong coulirmations of the truth of this view. As explained 
in 5 39, the semi-liquid layer of water-impregnated material constitutes 
a plastic bed, upon which the stratified sediments repose. These, by theit 
irregular distribution over different portions of the eartli, determined, 
after a lapse of time, in the regions of their greatest accumulation, vol- 
canic and plutonic phenomena. It now remains to show the observed 
relation of these phenomena, both in the earlier end later times, to great 
accumulations of sediment. 

§ M. If we look at the North American continent, we find along its 
northeastern portion evidences of great subsidence and an accumulation 
of not less than 40,000 feet of sediment along the line of the Appalachi- 
ans from the Gulf of St. Lawrence southward, during the paleozoic 
period, and chiefly, it would appear, during its earlier and later portions. 
This region is precisely that characterized by considerable eruptioDS of 
plutonic rocks during this period, and for some time alter its close. To 
the westward of the Appalachians, the deposits of paleozoic sediments 
were much thinner, and in the Mississippi valley are probably less 
than 4,000 feet in thickness. Conformably with this, there are no traces 
of plutonic or volcanic ontbursts from the northeast region just men- 
tioned throughout this vast paleozoic basin, with the exception of the 
region of Lake Supeiior, where we find the early portion of the paleozoic 
age marked by a great accumulation of sediments, comparable to that 
occurring at the same time in the region of >Jew England, and followed 
or accompauietl by similar plutonic phenomena- Across the plains of 
northern Bussia and Scandinavia, as in the Mississippi valley, the 
paleozoic period was represented by not more than 2,000 feet of sedi- 
ments, which still lie undisturbed, while in the British Islands 50,000- 
feet of paleozoic strata, contorted and accompanied by igneous rocks, 

* For a diScusBton of Ibis eabject and the theory of raonntaiDS, iDclodiog tho viewi 
of Professor James Hall, s«6 the author oa Amrricaa Geologv, Americao Joamel of 
Science, [3] xii, J06. 
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attest the conDectioa between great accumulation and plutonic phe 
nomena. 

§ 55. Coming dow to modem volcanoes, we find them in their greatest 
activity in oceuDic regions, wliere subsidence and accumulation are still 
going on. Of the two continental regions already pointed oat, that 
along the Mediterranean basin is marked by an accumulation of meso- 
zoic and tertiary sediments, 20,000 feet or more in tbickuesR. It is evi- 
dent that the great mountain zone, which includes the Pyrenees, the 
Alps, the Caucasus and the Himalayah, was, during the later second- 
ary and tertiary periods, a basin in which vast accumulations of sedi- 
ments were taking place, as in the Appalachian belt during the paleozoic 
times. Turning now to the other continental region, the American 
Pacific slope, similar evidences of great accumulations during the same 
periods are fonud throughout its whole extent, showing that the great 
Pacific mountain belt of Korth and South America, with its attendant 
volcanoes, is, in the main, the geological equivalent or counterpart of 
the great east and west belt of the eastern world. 

It is to be remarked that the volcanic vents are seldom immediately 
along the lines of greatest accumulation, but appear around and at cer- 
tain distances therefrom. The question of the duration of volcanic 
activity in a given region is one of great interest, which cannot, for 
want of time, be considered here. It appears probable that the greafe 
manifestations of volcanic force belong to the period of depression of 
the area of sedimentation, if we may judge from tbe energy and copi- 
ousness of the eruptions of island volcanoes, although the activity is 
still prolonged after the period of elevation. 

As regards the geological importance of volcanic and earthquake 
phenomena, their significance is but local and accidental. Volcanoes 
and earthquakes are and always have been confined to limited areas of 
the earth's surface, and the products of volcanic action make up but a 
small portion of the solid crust of the globe. Great mountains and 
mountain chains are not volcanic either in their nature or their origin, 
though sometimes crowned by volcanic cones; nor are earthquakes and 
volcanoes to be looked upon as anything more than incidental attend- 
ants upon the great agencies which are slowly but constantly raising 
and depressing continents. 
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ON THE ELECTRICAL CURRENTS OF THE EARTH. 



Bv Cablo Matteucci. 



The object of this memoir is to describe a long series of experiments, 
commenced m 1863 and only interrupted by brief intervals, on the pbe- 
Domeaa called electric currents of tke earth, meaning by those words the 
electric cnrrents which circulate in a mixra circuit formed of a metallic 
line and of a terrestrial stratum, and which do not depend on causes 
known and existing cither Id the metallic part of the circuit or in its 
extremities commmiicating with the ground. The conclusions arrived 
St in this inqniry do not comprise, to any great extent, aii explanation 
.of these currents founded on a known physical theory, or the thorough 
knowledge of the laws of the phenomena. Wc trust, however, that tke 
results obtained are of sufficient importance and exactness to recom- 
pense the long and persevering efibrts which were necessary to obtain 
thens. We hope also to be pardoned by any one who shall undertake 
seriously to study this subject, if wo have not carried these researches 
to such a point as might be desired, since it must appear evident &om 
the experiments made that the means requisite to extend and complete 
tbem exceed the resources of a private individual. 

HISTORICAL PAET. 

Even from the time when the galvanometer was discovered — that ia 
to say, shortly after the celebrated experiments of Oersted and Ampere — 
phenomena of electrical cnrrents are cited as having been obtained by 
introducing the extremities of the instrument into different points of a 
terrestrial stratum. 

We believe that Fox was the first who observed the deviation of the 
needle of the galvaaomcter, on inserting the copper points attached to 
the ends of the wire of this instrument in various places of a mineral 
vein of copper, Becquerel, soon after Fox, published a long series of 
experiments on the electric currents, which he obtained by sinking the 
electrodes of the galvanometer in earth taken in different conditions of 
humidity and of composition. 

It is scarcely necessary to say that all these experiments were but 
different cases of the general principle of the galvanic pile ; that is to 
say, of heterogeneity in the metallic laminm in contact with tbe ground 
and the liquids with which the ground was imbued at the points iu 
contact with the electrodes. It would be easy, even supposing the em- 
ployment of homogeneous electrodes, by which electric currents are not 
produced through their immersion in water, to exhibit distinct signs of 
electric currents by using liquids of different chemical composition or 
of different temperature in contact with the electrodes. This would be 
■ StrU ter:a : Tomo I, I'arte I— Firenze, 1867. 
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a manner cf repeatiiip, by using the earth as an intermediate couOuctor, 
the experimeuts tried, especially by Nobili, many years i\go, on tlie 
reciprocal chemical actions of different liqiuds. Tlie same iiiny be said 
of electric currents obtained with electrodes in which may be formed tlie 
BO-called secondary pohirizatious. 

Tliese different modes of obtaining electric currents in a mixed circuit 
have nothing to do with the study in which wo are engaged, if not on 
account of the very important an<l indeed indisjtensable knowU-dge of 
the canses of error wljich are apt to intrude into the experimcuttj by 
which we seek to discover and to study the electric cuixents of the 
earth, independently of those causes. 

I believe that tlie first case of electric cnrrents proper of the earth, 
which may be called, as has been done by Airy, spontaneous terrestrial 
electric currents — at any rate, if not the first observed, cerbiinly the first 
described and published — was that which was discovered on the niglit 
of the 17th of November, 1847, at Pisa, by means of the telegraphic 
wires, and which was described in a letter directed to Arago aud pnb- 
lished in the Comptes-rendus of the Academy of Sciences of Paris. This 
fact consisted in the existence of an extraordinary electric current which 
circulated with such intensity and constancy as to keep the armatures, 
of the electro-magnets of the apparatus in a state of attraction during 
the whole time that a maguiflceut aorora borealis was apparent in the 
heavemt. The same phenomenon was soon afterwards observed in the 
United States, and since that epoch the observations have been frequent 
of electric currents in the wires of the teiograpU a^isociated witli the 
apt>ear.ince of the aurora. When it is considered that we know, on the 
other han<l, the constant relation which exists between the auroni 
borealis and the indications shown by the instruments which serve to. 
measure the magnetic force of the earth, it is impossible not to rccog- 
iiize all the importance of these studies. And in fact, after tliese 
obsen-ations, there was no delay in directing special researches to the 
existence of electric currents of the earth and their laws, independently 
of the apparitions of the aurora borealis. 

We must be content, on the pi'esent occasion, with briefly referring; 
to the i-esearehcs made previously to our own, and which are due to 
Baumgarten, Barlow, Lloyd, aud Walker, but especially to Ijiimont, 
who, beyond the i-est, lias extended aud varied these investigations. 
Whoever has studied the memoirs of these observere with the attention 
due to the importance of the subject, and to the authority of tlieir 
authors, will find it difBcutt to avoid the conclusion that the uncertain, 
results obtained, results so little accordant among themselves, arc prin- 
cipally attributiible to the method of experimenting and to the disturbing 
causes necessarily introduced by that method. The greater part of the 
experiments were executed with telegraphic circuits, and therefore with 
a metallic line estiiblished in conjunction with other metallic liues 
worked for the purpose of correspondence, and traversed by the electric, 
currents of the offices at the moment of the experiment. We know 
that the wires of telegraphic liues are never so iierfcctly insidated from 
one another and from the earth that there shall not be sigus of the 
current in the lateral wires when the circuit is closed with one of the 
same wires. Moreover, the communications of the metallic liues with, 
the earth are now made with a lamina of copper immersed in pits, the 
wires being at one time connected with the iron tubes of ptim])S, at 
another with iron railways. In the memoirs which we have referred to. 
there is generally no indication of the mode in which the lines were- 
constructed, nor as regards their iusolation or their connection with the- 
14 8 
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eartb. Xur in moat cases are we informed whether or not the numbers 
reported were obtained by experiments made, as is quite probable, at 
the time when the lines were iu service for telegraphic correspondence. 
It would be useless, we think, to enlarge critically upon the expcri- 
mentH to which we allude or the results obtained. To such criticism 
a distinguished Swiss physicist, M. Dnfour, of Lansnnue, lias lately 
devoted himself, and we content ourselves with citing, in his own words, 
the conclusion to which he has arrived: "It is quite evident that it 
reaearcbe^ are to be undertaken respecting the electric curreuts of the 
earth, offeriug any solid guarantee of exactness, it is necessary to employ 
special lines and such as are absolutely independent of the telegraphic 
reticulation." 

Among our predecessors in these researches, Lamont alone seems to 
have bestowed some previous attention on the method of experimenting 
and on the causes of error incident to the methods followed. Hence 
the eminent astronomer of Monaco confesses that he bad not yet found 
iu these experiments a point of departure sufficiently secure, and closes his 
memoir with the admission that what he had published up to that time 
ought to be regarded only m a few general ai^ preliminary indications. In 
n word, I do not think it au exaggeration to tifilrm that it would be 
■iupossible, from all the researehea whicii I have cited, to draw the 
-demonstration of the existence of the phenomenon of an electric current 
which circulates in a metallic lino extended along the earth, and insu- 
Jated from it, having its extremities sunk in the ground, indeiwudently 
■ of the heterogeneity of the elwtrodes and of the various causes of error 
introduced into those experiments; meaning by that ]>hrase causes 
already known, and which have nothing to do with a proper electric 
stratum of the earth. 

METHOD OF EKPEBrMENTIWG. 

The description of this method should embrace the metallic part of 
the mixed circait, the communications between the extremities of tho 
metallic lino and the ground, and the instruments used to detect aiul 
measure the current. 

Metnllic tine. — I will state, in the first place, that none of the experi- 
.ments describetl in this memoir have been executed upon a wire imr- 
toiuiug to a telegraphic line composed of several other wires. When- 
ever I have used a telegraphic line, it has consisted of a single wire; 
and the experiments were made either during months when the tele- 
graphic service was not eonducte<l by that wire, or at hours when that 
. service wiis known with certainty to be suspended. Before commencing 
the ex[>erimeut the line was examined throughout its course, and pro- 
tected by the removal of any possible contact with the boughs of trees 
or tlie walls of houses, and by the renewal of the solderuigs of the 
junctions. The line was formed of the usual iron wiro of telegraphic 
connections, 3 or 4 milhmetres {J of au inch) in diameter. Its extremi- 
■ties were united to the instruments, and tbe electrodes sunk in the 
ground by means of a piece of copper wjro covered with guttapercha, 
froshly soldered outside of tbe telegraphic offices, and all commnnica- 
tion was iut'^rrupted between the line and the usual wires entering 
the oflBces. The insulation of tbe line was always tested before com- 
mencing the experiment^ and was always sncb as not to impart 
duriog dry days a sensible deviation to a galvanometer of 2,000 coils. 

In many of the experiments which we shall reiwrC, a copper wire, 2 
millimetres {■,\ of an inch) in diaineter and covered with gutta-percha, 
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was nsed; which wire was in some cases stretched upon the gronnd, 
ia others suuk at a slight depth beneath the surface of the earth, 
but oftenest suspended ou slender rods of wood, like those ctnployed 
for fiold-telegraphs, 

EUctrodes. — This is naturally the part of a mixed circuit requiring 
the greatest atteutiou, aud I have been able to avoid causes of error iu 
this respect from the assurance, which I had obtained in the experi- 
ments of electro-physiology, that electrodes of amalgamated zinc, im- 
mersed in a saturated and neutral solution of sulpbate of zinc, do not 
excite between them an electric curreut, aud do not acquire secondary 
I>olarities by the passage of a voltaic curreut. 

The electrodes which I have employeil are rectangnlar plates of lami- 
uated zinc, from 6 to 8 centimetres (2^ to 3 inches) in width, and I'roni 
12 to 1(> (5 to inches) iu height, perfectly amalgamated and joiued to 
the metallic line by means of a circuit-breaker with two holes, into one 
of which euters the wire and into the other the extremity of a projec- 
tion ou tbe plate of zinc. This plato is immersed in a Kiiturate<l iind 
neutral solution of sulpbate of zinc, contained in a porcelain cylinder 
like that of Grove's battery. In the selectiou of these cylinders ciii-e 
must be taken to reject those which are so iwrous as to admit too readily 
of the percolation of the liquid. 

The porceUiln cyUnder thus prepared is immersed in well or spring 
water, which should be the same at both extremities. For the reception 
of the water in which tbe cylinders are sunk, I have used different con- 
trivances. Sometimes, after having formed iu the ground a sort of jiit, 
varying in depth from a half metre to two metres, I liavo made in the 
bottoDi of this pit a cavity, shaped like a capsule, from 10 to 12 
centimetres (4 to 6 inches) wide, and of such a de])th that the pur- 
cehiin cylinder, when introduced, should reach with its rim the level 
of tbe bottom of the pit. Then, in onier that the water poured into 
this kind of capsule may not be too speedily absorbetl by the ground, I 
line the capsule with a stratiun of tempered potter's earth, such as is 
used in earthenware manufactures. At other times I have used flower- 
pots, which are sunk iu the ground, the earth being compressed around 
the vessel. In some cases, tiually, the porcelain cylinder was inserted 
and fixed in a large piece of cork, so tliat the cylinder might remain 
floating on the water of a well, but almost entirely immersed therein ; 
the copper wire covered with gutta-percha, which is joined to the plate 
of ziijc, is wound around a small cord, by means of which the floating 
body ia made to descend in the well. 

1 have made many experiments to assure myself of the bomogoucity 
of the electrodes thus prepared. It is very easy to obtain this homo- 
geneity and to preserve it with porous cylinders. We begin by having 
a certain number of such cylinders, quite new, and by filling tUcin to 
the same height with a solution of sulphate of zinc ; we select those 
which do not readily imbibe the liquid or allow it to escajte, aud im- 
merse simultaneously two of thoso thus selected, after they have been 
well dried with a clean towel, in a vessel filled with the same water. In 
this way, even witJi a galvanometer of 2(>,000 coils, we promptly find 
the two electrodes perfectly liomogeneous. It happens, however, not un- 
frequently, that, if the cylinders are left in the water for some time or 
withdrawn and again immersed, a certain current will be observed to arise 
between them. If the cause of the difTereuce which has thus originated be 
attributable to the plates of zinc, which is tbe rarer case, it is necessjiry 
to reamalgamate them ; if, on the other hand, the heterogeneity be due to 
the porcelain cylinders, we must withdraw these from the water, dry 
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tliem repeatedly with a cloth, and rfinew the water in which they are 
immersed. To procure homogeneous vases of terra-cotta for contiiining 
the water iu which the porous cylinders are to be immersed is more 
ditliciilt, and iu order to succeed wc must leave tliem to imbibe water 
for several days, and then prove them ; but even then there are scarcely 
to be found, among luany, two between wbiob signs of heterogeneity do 
not present themselves. 

In some experiments I have been accustomed to excavate a hole of 
moderate dimensions at the two extremities of the circuit, aud to fill" 
each bolenith the same earth, into which the terra-cotta vase was then in- 
troduced. Most frequently I have satisfied myself, before commencing 
the experiment, that there was no current between the electrodes, by 
sinking the two vases iu two holes of moderate size made iu contiguity 
with one another. 1 have also, whenever it was practicable, reversed 
the ]>osttion of the two earthen vases nud noted the ditt'ei-ence, if there 
were iiny, of the deviations obtained in the two cases, in order to dis- 
cover whether the heterogeneity of the vases was noticeable, and to 
what extent iu the current detected. 

I have sought finally to ascertain whether, in any case, it would be 
possible to substitute for the electrodes which 1 have de8<rribed two 
plates of copper sunk in the ground, which would be much more simple 
and couvenieut ; aud I have found that, whatever might be the stjite of 
these plates before submitting them to experiment, that is to say before 
using them, either in a dificrent condition of pui'ity or oxidation as they 
most frequently occur, there was always realized, from the tiraf, with 
the galvanometer of 2,000 coils, a very strong deviation, of which it was 
impossible to foresee thedirection. It constantly occurred, Iiowever,that, 
on keeping the circuit closed and leaving the plates of copper buried aud 
undisturbed in the cartb, this deviation slowly diminished, aud aftei 
eighteen or twenty hours became comparatively iusiguificant. At this 
juncture, it was only necessary to stir slightly one of the plates, or to 
press the contiguous earth, or to throw a little water on the spot where 
the two plates were sunk, in order to excite a deviation, which would 
afterwards very gradually disappear. It was also found that on with- 
drawing the plates from the ground, when the deviation had ceased, the 
latter reappeared, if the plates were replaced in the earth either at the 
same or at any other point. It is scarcely necessary to say that when 
a current was made to pass, with electrodes of copper, across the mixed 
circuit, the eflfects of secondary polarity were realized. 

In conclusion: there would be no security in the results if, in these 
experiments on the electric current of the earth, electrodes of copper 
were used without the proper precaution ; but by employing those elec- 
trodes only after they have been leftburietl for twenty-four hours inthe 
earth and with a closed circuit, the proper currents of the earth are ob- 
tained with the same deviation and the same constancy as with elec- 
trodes of zine, and even with greater intensity; and this probably 
tluough the greater extension and depth of the electrodes of copi>er iu 
comparison with those of zinc. 

Galvaftameter. — Unfortunately I have not been able always to nse, iu 
thp.se protracted experiments, the same galvanometer ; nevertheless, in 
two of the most imi»ortant series I have constantly used a galvanometer 
of 2,01M) coils, with a distinctly astatic system, and which nuderwent no 
variation iu the whole series of experiments. 

When I have wished to ascertain the electric state of the atmo- 
sphere, I have used a thin wooden rod, 6 or 7 metres, (20 or 23 feet) in 
heights At the upper extremity of this rod a porcelain insulator was 
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fixed, whicb bore a small arm of iron witb a dimiuutive palley. By 
meaus of a silk thread and of the pulley, 1 elevated a copper wire cov 
ered with gutta-percha, which, at the upper extremity, was terminated 
by a large uncovered portion coiled spirally, into which I introduced a 
sort of comet, tormed of divers layers of touch-wood^ and liindled it at 
the moment of the experiment. The lower extremity of this copper wire 
waa uuited to the hall of au electroscope attached to a dry gajvanic 
pile. 



Experiments uuder these conditions have heen often tried, by placing 
the electrodes of zinc sometimes in contact; sometimes at distances 
varying from 10 t« 20, 50, and 100 metres. It is, in fact, by these ex- 
periments which I am •accnstomed to make previously to undertaking 
those with mncli longer circuits, that I satisfy myself that there is no 
heterogeneity between the electrodes of zinc formed in the manner ahove 
described. I have been thus enabled many times to ascertain that if 
on such an occasion tliere was a slight deviation it depended ou the 
vases of terracotta, and that there was no regularity in the currents 
thns obtained ou transporting the vases to did'erent distances within 
the above limits. In fact, the current is sometimes found to increase on 
a wider separation of the vases than to diminish or even disappear, and 
sometimes to au inverse order on the removal of the vases to still greater 
distances. In these cases I have always succeeded in recognizin;>; that 
there was a diflfereuce in the physical qualities of the ground. Thus a 
current arises if one electrode be placed in a soil charged with loam, 
and the other in an argillaceous soil ; and in operating ou the siiuds 
atUacent to the sea, a curreut sui>ervenes if the electrodes be stsitioned 
at (liferent distances from the beach. Bat the effects of these dilTer- 
ences of soil are only manifested when in contact with the vases con- 
taining the electrodes. Ueuce, if it be foun<l that a current exists be- 
tween two points at a distance of 15 or 20 metres (49 or 66 feet) from 
one another, we may be sure of causing it to cease by excavating at 
those points two boles, which need not have a diameter of more than one 
metre, {3 feet,) and filling them with the same earth, into which the 
vases with the electrodes are then to be introduced. It is advisable, 
therefore, to pursue this course when operating with mixed circuits at 
great distances, provided it be not previously ascertained, as I have al- 
ways attempted to do when pnicticable, that the deviation remains in- 
variable on reversing the position of the electrodes and their vases. In 
order to remove all doubt as to whether theearth in which the electrodes 
were sunk might not influence the results found when the circuits were 
very long, I Imve been accustomed to make, at each of the extreme sta- 
tions, four or five holes at a distance of 10 or 20 metres (33 or CG feet) 
one from another, and to proceed forthwith to the proof of homogeneity 
by changing the position of the vases. 

I pass now to a description of the experiments made on such mixed 
circuits as are much longer than those just described, on circuits, namely, 
having the full length of a kilometre, (3,281 feet.) With a view to ex- 
periments of this kind, I selected a large, horizontal meadow, adjacent 
to the Amo, and forming part of the Cascine of Florence. The eartli of 
this meadoWj at least to the depth of the 25 or 30 centimetres {10 or 12 
inches) requisite for imbedding the vases of the electrodes, possessed 
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apparently the same physical qnalities, being, la fact, an arenaceoas 
formation, as is commonly the case in the neighborhood of rivers. The 
electrodes of zinc were placed successively at the distance of half a metre, 
(20 inches,) then of 11 metres, (3G feet,) then of 148, (328 feet,) then of 750, 
(2,461 feet,) then of 1,060, (3,477 feet.) Ateach of these stations I exca- 
vated four or five holes, in order to vary in every instance the position 
of the electrodes. The experiments %¥ere moAe by successively aUvaue- 
ing atid then returning to the same holes; by stretching the skein 
(metassa) of copper wire covered with gutta-percha, in conjunction with 
its head, (t) to one of the electrotles, and then recovcriug the skeiu and 
turning back again. The cop|>er wire covered with gatta-i>ercha was at 
one time stretched upon the ground, at another suspended upon poles, 
at auother buried in the grass. It is superfluous to add that, in mukiug 
these experiments, all the precautions above described were employed, 
in order to obtain and prcser\'e the homogeneity of the electrodes. 

The result obtained from these exi>erimeuts, many times re|M>ated, 
with every precaution to secure exactness, was that ia a mired circuit, 
formed of a metallic line and a stratum of earth, horizontal, or as nearly 
80 as possible, of a length notgreater tkana kilometre, (3,281 feet,) under a 
clear slcy, and with the air calm, tliere is no proper current of tlte eartk dis- 
coBerable with a galvanometer of 2,000 coils. Yet, in a circuit of this 
length, I have noticed, on days of storm and atmosplieric disturbance, 
sudden deviations under the nctiou of the electric discharges. 



With the aid of the corps of engineers, I was enabled to establish on 
the great plain of San Maurizio, distant 22 kilometres (13J miles) from 
Turin, a plain set apart for military maneuvers, two mixed circuits, 
each of which consisted of a stratum of earth and of a copper wire, 2 
millimetres (^ of an inch) in diameter, and covei-ed with gutta-percha. 
One of these wires was stretched in the direction of the magnetic merid- 
ian, the other in a plane periiendicular to that meridian. Both wires 
had about the same length, namely, 0,400 metres, (4 miles.) The copper 
wire was suspended upon small wooden poles, such as are used in field 
coustrnctions of tele^aphic lines. At the extremities of the two lines 
a hole was excavated, of a rectangular form, with a depth and length 
of 2 metres, (7 feet,) and a width of 1 metre, (3 feet ;) iu the bottom of 
this hole a cavity, or capsule, such as has been above described, was 
constructed, having a width and depth of SO centimetres, (1 foot,) and 
lined with clay, so as to allow no filtration of water. The four cavities 
were then tilled with the same water, which was that of a copious wastc- 
pilM) of oue of the canals which traverse the plain ; in tins water the 
porcelain cylinders, with the electrodes of zinc, were immersed. 

The first experiments were directed to a verification of the equal con- 
ductibility of the two mixed lines. It should be premised that the two 
metallic lines, north-sonth and east^west, were interrupted about mid- 
way, and entered at that point into a small chamber, where I htd sta- 
tioned the galvanometers. In the greater number of the experiments I 
used a galvanometer of 1,500 coils, with an astatic system ; unluckily, 
this instrument sustained some injuries in being transported, when the 
exi>eriments were finished, to Turin, so as to be do longer capable of 
being operated with. 

To measure the conductibility of the two mixed circuits, I caused the 
current of a good Dauiell's battery to pass, first in one, and then in the 
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other, and determined with a rheostat the conductibility of the two cir- 
cnits. The difference between the two was, from the tirst, very small, 
and it was only necessary to excavate by a centimetre, (j*j of an ineb,) 
or thereabouts, the two holes of tlio line which had the greater i-esist- 
ance, iu order to render both of equal and constant resistance. I'lxjol 
of homogeneity was also made by filling two large holes, wliicli bad 
been excavated in close contiguity, with the same enrth proi-iired in 
forming the holes at the extremities of the lines. In the boles tliiisiilletl 
I formed the two capanles already described, and introduced theivin tlie 
usual electrodes; when these were in operation, having been first well 
prepared, no current was found on the introdaction of the electrodes 
into the lioles. 

After these preliminary arrangements 1 commenced a series of observ- 
ations which were continued about a montli, from the llitli of March to 
the loth of April, 1864, being the season generally of clear skies and of 
cool and dry air; there were two or three days of a strong easu'ily wind 
and one of storm with rain. For the spncs of ten days the observations 
were never interrupted night or day, and two soldiers who relieved one 
another were stationed as a gnard at each hole. The galvanometer used 
was one of 1,500 coils and gave afixed deviation of G0°, with aUunieirs 
battery introduced into one of tlio mixed circuits. 

The following were the results obtained from the long series of ob- - 
servatious made in the manner and at the time indicated : 

1. In mixed circnits, formed of a copper wire, and a stratum of earth 
very nearly horizontal and about 6 kilometres ^4 miles) long, there is 
always an electric current which circulates with mtensity and in deter- 
toinate directions according t^ the direction of those cir(;uJts in regard 
to the magnetic meridian ; this current cannot be absolutely attributed 
to the heterogeneity of the electrodes, or of the terrestrial strata in con- 
tact with those electrodes. 

2. These currents have an intensity which increases in projiortion to 
the depth at wbich the electrodes are sunk beneath thesnrfaceof the 
eartb, from 50 centimetres (20 inches) to2 metres(7 feet.) This greater 
conductibility possessed by the mixed lines iu prot)ortion to the depth to 
wbich the electrodes are sunk, explains the variation discovered in the 
iutensityof the electric currents of the earth under these cinnunstances. 
This result is in conformity with that whii'h is observed after rain, and 
which is due to the greater humidity of the ground iu contact with the 
electrodes. 

3. When the cavities in which the electrodes are sank have a dei)th 
of 2 metres (7 feet) or more, or wlien the electrodes are immerseil in the 
water of wells, the extension of the launnm of zinc and the diameter 
of the porous vases have little influence on the intensity of the terres- 
trial currents. 

4. luthe circuit extended alongtheraagnetic meridian or south-north, 
the electric current had always a constant direction and an intensity 
which varied very Jeebly while manifesting a certain period. For a 
mouth, several hundreds of varied observations showed that the terres- 
trial current was always direi;ted in the metallic part of the circuit from 
south to north, and that the needle of the galvanometer never became 
fixed at zero nor in the opimsit^e quadrant, and that its oscillations were 
always small and very slow. 

5. On com|>aring with one another the slightly unequal deviations ob- 
tained in nine entire days of constant observation, it results that the 
current in the south-north circuit presents in twenty-four liimrs two 
maxima and two minima of intensity. The two jaiaima oetiui-, one iu 
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the day, ami the other in the night, at very nearly the same hours, 
namely from 11 to 1 o'clock. After 1 o'clock at niplit th© current in- 
creases, and from 5 to 7 o'clock \a the morning a majcimum la noticed j 
iu the day this mtuuimum oscillates between 3 and 7 o'clock in the after- 
noon. The diflferences between the minimumanH maximuM of intensity 
are a litte greater than that between 1 and 2. 

C. In the circuit periiendicular to the magnetic meridian the results 
are very different and subject to great variations. It frequently occurs 
that the needle is seen to remain at zero, or oscillates to otic side or the 
other of that i>oint, moving from 2° to 3° and even to 14^ and 15° on 
the s.aine side. The direction of the current most frequently observed 
in this circuit was from west to e-ast iu the metallic part. Ii] general 
the needle is never fixed and sometimes executes very wide and rapid 
OHcillatious. 

7. It was never noticed that the differences of temperature, which 
fluctuated lietweeii zero {^2° F.) aud + 18o (65° F.) and + 2tP C. {08° F.), 
the varying humidity of the air, or even rain, had any influence od the 
direction of the curreut existing iu the circuit extended along the raag- 
Detio meridian. 

8. These results were not varied on changing the position of the 
metallic portion of the circuit — that is, on nsiug the metallic line ex- 
tended ou the ground or suspended on poles. 

EXPERIMENTS OK MIXED CIRCUITS OF A I.EKGTH VARYING FBOM 
200 METRES TO MAJSY KILOMETRES, THE ELECTRODES BEOiQ SUNK 
IN'TUE GROUND AT A QREATEB OB LESS DIFFERENCE OF ELEVA- 
TION. 

The first experiments of this kind were made on the hill of the Villa 
della Eegina, near Turin. The mixed circuit established there was 
conq>oscd of an iron wire insulated iu the usual manner^ and about 000 
metn-'s (l/JOO feet) long in a straight line, with u direction intermediate 
between a. E. and N. W. : the two extremities of this wire were united 
to the usual electrodes of zinc sunk in the gi-onud at a diiferenco of 
level of 150 metres (492 feet.) In these experiments also the pite in 
which the electrodes were sunk had been filled with the same earth, 
and the capsules or cavities ahready described were then foriued and 
lined with clay. In some of the experiments, the porcelain cylinders 
and the zinc electrodes were suspended in the water of two wells in the 
manner before stateil. 

The experiments have been continued month after month, at different 
seasous of the year, and not rarely the needle of the galvanometer has 
been ohserve<l for entire days at very short intervals of time. / hare 
constantly found in the circuit ia questioH an ascending current in tJw metal- 
lic line, of an Intensity which iu clear aud calm days was constant or 
manifested very inconsiderable oscillations. 

The position of the electrodes was frequently changed, by placing 
lowermost that which was highest, and vice-rersa, yet the current 
never varied in direction, and very slightly iu intensity. For a certain 
timo the galvanometer used in these experiments was that of 1,500 coils, 
which had served me on the plains of San Mauriziu, in the experiments 
with the circuits of C kilometix's, (4 miles,) and the intensity of the current 
was always found tx> bo much greater than that realized in the circuit 
of 6 kilometres. The ascending hill-current was, with this galvanome- 
ter from 20° to 25°, while that realized in the circuit of 6kilomctres, and 
where consequently the resistance was much greater, uever excelled 
from 5 to C degrees in the line of the magnetic meridian. The intensity 
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of the as(«ndiBg current was not altered by tlie aubstitutioD of the 
copper wire covered with gutta-percha for the insulated iron wire, nor 
were any differences noticed when the wire was extended on the ground 
covered with grass or with snow. 

I have seen the intensity of the current increased by placin;? the 
electrodes in the ground at a depth of 10 centimetres (4 inches) below . 
the bottom of a pit from 1 to 2 metres (3 to 7 feet) deep ; and while in 
excavations of inconsiderable depth, the ascending current has nmrked 
6mm. 13° to IC^, in those much deeper, and in wells, it hn» inOtcated 
more than 20°. When the electrodes are in a very snperticial stratum 
the deviation is less fixed than when they float in the water of wells. 
In the latter case the deviation remains constant ft-oni hour to hour, if 
the day is clear and calm, nor is it changed by reversing the position of 
the electrodes in the wells. 

It may, I think, be of use to cite here a series of numliera Avhieh 
exhibit the deviations realized on certain days of July, liUji, with elw;- 
trodes sunk in excavations having a depth of 2 metres (7 feet.) The 
atmospheric electricity was of moderate intensity and constantly posi- 
tive; the sky in part clear, and in part overcast. The galvanometer 
with which I operated was one of 2,«(X) coils. 
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It is impossible to discover in the nambers here reported any relatioD 
between the intensity of the terrestrial current and the hour of the 
day. The augmentation observed at tlie close of the 16tb day, and ia 
the morning of the 17tb, was probably owing to the rain which fell in 
that interval, and in fact this result never fails to be obtained n'hen we 
Bprinkle two or three buckets of water arouod the electrodes. In the 
&^8t hours of each of the days cited, I assured myself of the homoge- 
neity of the electrodes by immersing them simidtaneously in the water 
and lh)m time to time reversing their position. The most important 
precaution is that of frequently ascertaining that the water maintains a 
constant level in the cavities in which are immersed the iiorcelain cylin- 
ders of the electrodes. 

I further report the numbers obtained in one of the observations 
which I conducted with the electrodes suspended in two wells, oue at 
the top, the other at the base of the hill before mentioned. These umu- 
bers were obtained with the galvanometer of 1,500 coils. In this exper- 
iment the position of the electrodes was twice inverted. 
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It is evident from the above that tJie deviation produced by the use 
of electrodes floating in the water of wells is more constant than that 
resulting from their employment when sunk, as we have described, in 
the earth, for in the latter case the water in which the cylinders are 
immersed is continually decreasing. I ought here to obscr\'0 that^ 
having taken advantage of a well, situated midway on the slope of the 
hill of Turin, I repeated these expc;rimeuts with the same Icof^th as 
before of the metallic line, and in one case with a stratum of earth es> 
tending from the base to aboat the middle of the hill, aud in the other 
case from the middle to the top, the electrodes being all the time im- 
mersed in wells; in the exi>eriments in which the terrestrial circuit was 
thus about half that before used, the fixed deviation of the ascending 
current was 10<^ ; mnch less therefore than that obtained between the 
base and summit of the hill. 

I deem it proper further to describe the principal results derived from 
an uninterrupted series of experiments made through all the months of 
last summer, in the hills around Florence. The line was composed of 
the usual copper wire covered with gutta-percba, suspended upon poles 
aud interrupted about midway of its entrance into the laboratory, where 
the two ends were immersed simultaneously with the wires of the gal- 
vanometer of 1,500 coils, in two small vases filled with quicksilver. In 
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many experiments I have nsed another but Bimilar line, which enabled 
me to test, by comparison with one another^ the two electrodes immersed 
in close contiguity, now in the lower station, now in the upper. Tbe 
electrodes were the usual plates of amalgamated zinc, immersed in the 
solution of sulphate of zinc coutaiued in porcelain cylinders, which cyl- 
inders were immersed in turn in well or spring water coutuiued in two 
vases of terra-cotta, buried in the earth. It is useless to state that 
these electrodes were first tested, and that everj" precaution was used 
to ascertain their homogeneity. At the two extremities, alter selecting 
a soil having very nearly the same qnalities, I excavated t»'o holes, with 
a width and depth of one metre, (3 feet,) which I filled witli the same 
earth, and into the holes thus prepared introduced the vases with tbe 
two electrodes. On each day of experimenting, I began and finished 
by reversing tbe position of the vases, in order to assure myself that 
the deviations were independent of tbe electrodes, and that, when tested 
iji contact, the latter were perceptibly homogeneons. The difiereuce of 
lavcl between tbe two electrodes was about 55 metres, (180 feet.) 

Simultaneously with the observations of tbe electric currents in the 
circuit, I studied at the extreme stations tbe atmospheric electricity in 
the way already described. On clear and c»lm days I have always 
found very strong signs of positive electricity near the upjier station, 
and no signs or very weak ones of the same electricity in the valley 
below, near tbe lower station; indeed, at this station tbe same thing 
occorred even in stormy weather. At tbe npper station the signs 
changed according to the intensity and distance of the existing storm, 
as we shall again mention. I select the numbers obbyned on tbe 2d, 
3d, and 4tb days of July, when the air was warm and dry, and the 
weather calm with the exception of a distant storm which was observed 
on the 3d, some hours after middity. Ou the 2d, from morning until 10 
at night, the current continued to ascend in the metallic line, and re- 
mained fixed at between 15° and 10° during tbe morning, and between 
11° and 12° in the afteraoon. The results of the 3d were the following; 
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The electrodes having been left in place all night, tbe current was 
found the next morning, fixed at between 11*^ and 15°, and the same 
deviation remained on reversing the position of the electrodes. 

I report also the numbers obtained May 30, ou which day a peculiar 
storm occurred, a strong sirocco wind having prevailed, while for some 
time tbe sky was covered with dense clouds traversed by electric dis 
' a tbe distance. Bain also fell. 
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Up to this moment the needle oscillated slightly ; but afttrwards, 
nnder the action of the storm, the needle made great oscillations, ttiougn 
always to the side iit which the current maintains it, and at the close of 
the day the deviation seemed fixed at about C0°. It haa already beea 
said, that on July 2, with a clear sky and the air warm and dry, the 
deviation Tras reestablished and fixed at between lu^ and 16°. 

During a storm on the 7th I kept the electroscope in exercise for a 
length of time at the intermediate stjition, and constantly realized great 
oscillations of the needle, even to zero, when the instrument gave signs 
of negative electricity or very weak signs of positive electricity- Under 
strong winds also these oscillations were verified. Again, the usual 
deviation of the ascending current increased slowly or rapidly, according 
as the electroscope indicated a corresponding augmentatiMi in the signs 
of i>09itivc electricity, or a sudden augmeutatiou of the same electricity 
at the moment of a flash of lightuing In many other series of experi- 
ments, which I deem it needless to report, I have always found iu calm 
and clear days a deviatiou nearly constant, a result which I have never 
witnessed during storms nor eveu on clear days during high winds and 
great oscillations of the atmospheric pressure. 

I proceed to describe the experiments executed upon a mixed circuit 
in which the metallic conductor, an iron wire of 3 millimetres, (^ inch,) 
and well insulated, had a length of about 45 kilometres, (23 miles.) The 
two extreme stations, which were Poiitedera and Volterra, were at a dif- 
ference of elevation amounting to 510 metres, (1,772 feet.) The experi- 
ments were performed iu the nights of the llth and 23d of July, under 
a calm and serene sky, commencing at 7.30 p. m. and terminating at 
4.45 a. m. 

In the line between Pontedera and Volterra the telegraphic offices are 
closed at night; and in order to be more certain that no current of the 
telegraph could be introduced during the experiments on the line, I pro- 
vided for an interruption of the latter at each extremity, at the distance 
of a pole or two from the office ; at the point of interruption I soldered a 
piece of copper wire covered with guttapercha, which at the station of 
Volterra descended immediately into the earth, where it was united to 
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the electrode of zinc sunk in the gronud in the usanl manner, wliile at 
tlie stutioti of Pontederii, where the galvanometer was pluced, the above- 
meutioued wire proceeded to one of the enda of the galvanometer, while 
the other end was made to communicate with a copper wire eovered 
with gutta-pereha which tenninnted at the earth and united with the 
other electrode of zinc. 

The following are the numbers obtained from the two experiments, 
in both of wliich the constant deviation of the needle indicated the usu»1 
ascending current in the wire: 
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In these experiments, especially in that of the night of the 11th of 
July, the deviation had been constant in ttie interval between oue obser- 
vation and another, and the variations took place very slowly. But 
this constancy was not so absolute as that noticed ia the previous 
experiments with a short circuit; the needle in these experiments 
between Volterra and Pontedera haviug constantly exhibited a sort of 
tremulous oscillation in an arc, which was never greater than one 
degree. Moreover, as well in the experiments of the lltli as in those 
of the 23d of July, it was observed that, thrice ou the former and four 
tivacH on the latter night, at various intervals of time, the deflected 
ueedle, which had seemed flxed, suddenly descended to 0° aud oscillated, 
oftenest for a few seconds, but on on© occasion for about an hour in the 
opposite (luadrant^ never taking a fixed direction, and returning by a 
rapid movement to its stationary position under the ascending current, 
These extraordinary movements of the needle, I am persuaded, though 
■without being able absolutely to affirm it, were independent of the errors 
of the experiments, even counting among these the case of a voltaic 
current iutroduced for a moment into the circuit at Volterra, where I was 
not present. 

The last series of experiments which I shall report, relates to observa- 
tions made ou a long telegraphic Hue from Ivrea to Courmaycur, first in 
October, 1864, and again in November, IS66. These experiments were 
Hiade in tliree different sections, of which that Hue is composed. The 
first, between Ivrca and St. Vincent, nearly parallel to the meridian, is 
36 kilometres (22 miles) in length, with a dlQereuce of level between the 
cttremities of 281 metres, (922 feet.) The second section between St, 
Vincent and Aosta is 25 kilometres (16 miles) long, and the difference 
of level, 83 metres, (272 feet.) The third, between Aosta and Courmayenr, 
at the extremity of the valley at the foot of Monte Bianco, is 27 kilo- 
metres (17 miles) long, and the difference of level of the two extremities 
642 metres, (2,103 feet,) lu 1864 the experiments were made separately 
in the three sections of the line; in those of 1866, only two sections, 
that, namely, between Ivrea aud Aosta, and that between, Aosta an£ 
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Coormaycur, vere broaght into reqnisitiou. The wire was the nsaal 
irou one, from 3 to 4 millimetres (j^-inch) in diameter. 

Before the experiments, the entire line had been inspected, repaired, 
and insulated with care, so that there was no sensible movement in the 
needle on introducing a cnrrent into the line, while the opposite end 
was insulated iu the air. I employed the usual electrodes of zinc, im- 
mersing them iu the water of wells when 1 could, or introducing them 
into holes made iu the ground and filled with identically the same water, 
trhich was that of the Dora. Between Ivrea, St. Vincent, and Ao»ta, 
the exi»eriments were always made in the night, when the telegraphic 
offices were closed ; in the last esperiments between Aostn and Cour- 
maycur, where the telegraphic service ceases in September, the experi- 
ments might be made witli confidence at any hour of the day. The 
reBult» obtained in the ^rst series of exi>eriment8, as heretofore de- 
scribed in the Comptes-rmdm of the Academy of Paris, (September 19, 
18C4,) were as follows : The electric currents obtained in the three lines 
of the Fallcy of Aosta, notwithstanding the much greater resistance of 
the metallic portion of these lines in comparison with the line of 000 
metres, (1,90» feet,) on which I had operated in the hills near Tnriu, 
gave with the same galvanometer much stronger currents, measured by 
the deviations more or less fixed of 4lP, W°, and even 80°, instead of 
20° to 25° at most obtained in the shorter line. At all times, when the 
deviations became fixed — and this was sometimes the case, even for the 
spaceof an hour — the deviation indicated an ascending current in the 
metallic line. But a certain tremor of the needle was noticed, and from 
time to time, as in the experiments between Pontedera and Yoltcrra, 
the needle descended suddenly to (P, about which it oscillated, or even 
passed into the opposite quadrant, returning afterwards to the fixed 
deviation prescribed by the ascending current of the wire. In this case, 
also, I have ei-ery reason to believe, though I will not absolutely aG^m 
it, that no voltaic current was introduced at such momenta into the 
circuit so us to produce the oscillations in question. 

Tlie exi>erimeuts made iu November, 1860, were conducted under 
better conditions when the correspondence between Courmayenr and 
Aosta bad been suspended for two months. In these I was assisted by 
Siguor Eccher, adjunct of the chair of physics m this museum, to whose 
zeal and love for science it is due that even unUer unfavorable circum- 
stances of weather and place, especially in the winter, all possible pre- 
cautions were used in order that the experiments might yield exact 
results. At each extremity of tlie lino three similar vases of earth were 
sunk '.H a. formation of ueiirly ideutical quali^es at a certain distance 
from one another, and the current was measured by transferring ia 
succesNion the electrodes of zinc immersed in porcelain cylinders and 
ascertaiiietl to be homogeneous, now to one and now to another of the 
earthen vases, all of which, at either extremity, were filled with water 
from the same source. 

Tlie exiteiimeuts between Aosta and Courmayenr were made on the 
3d of November, 1866, at 8 o'clock in the morning; the atmospheric 
electricity at Courmayenr was feebly positive; snow had fallen in the 
ni^ht on elevated places, and the clouds were dissipated only at the 
rising of the snn. At 8.45, the line was tested in order to ascertain ita 
insulation, which was found to be perfect. The experiments yielded 
the following results : 
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It is proper to add that at the two statious of Aosca and CoHrmajenr, 
two electrodes of copper were also iu oi>eratioa, cousistiug of two plates 
of that metal, with a surface of about a third, of a square metre, and 
buried at a depth of about one metre. These plates were cmpluyeil as 
electrodes atVer having been buried for two days. On tlie day of the 3d 
of November, with these electrodes of cupt>er, and at intervals of some 
hours, there was a nearly fixed deviatiou in the same direction with 
those of the electrodes of zinc, and indicating, from 12 o'clock to 12.48, 
successively f^o, 70°, 09°, and fitim 2.40 to 3.^0, CO^ and 08^. All the 
deviatiou.s above reported indicated an agcentliitg current iu the metallic 
portion of the circuit, 

I shall only cite, iu addition to the above, the esiwrimeuts made oo 
the line between Ivrea aud Aosta, having a length of about ICO kilo- 
metres, {OU miles,} and a difference of level between the extremities equal 
to 304 metres, (1,1!)4 feet.) These exjierimeuts were conducted precisely 
like those just descrilwd at length, between Aosta and Courmayenr, 
and were e.^eciited during the days of the 5th and 0th of November. 
The atmo-spheric electricity, always positive, was at Aosta considerably 
more intense thau in the experiments made at Courmayenr. 

The current which circulated in this lioo was constantly an ascending 
one iu the metallic part of the circuit, aud for many hours the deviation 
oscillated between 40° and 50°. On the second day the air was j>er- 
fectly serene, the sun lustrous, and the signs of atmospheric electricity 
coustautly progressive. The needle remained deflected for several 
hours, and apparently fixed between 00<> and 64'^ by an ascending cur- 
rent iu the metallic line. Here also the plates of copper, s 
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ground at the depth of a metre, (3 feet,) were tried as electrodes, and 
tbe deviation obtained, the needle coDtinuiug nearly immovable, was 
from (ii° to OoO. 

GENERAL CONCLUSIONS. 

The experiments described in this memoir point to the following con- 
clusions : 

1. If a metallic line be insulated from the ground or susjiended at a 
certain height, or iu actual contact with the ground, and its extremities 
be sunk in the earth, in good communication with the latter by means 
of perfectly homogeneous electrodes, with a certainty that there does 
not exist any electro -motive force between the parts of the metallic cir- 
cnit, or between the earth and the electrodes, it will be found that there 
is ui that line a constant circulation of electricity, whenever the line, 
having a rectilinear length of at least 6 kilometres, {i miles,) has Us ex- 
tremities sunk very nearly at the same elevation and in a horizontal 
stratum, or, if the length of tbe line be much shorter, when its extremi- 
ties are sunk in tbe ground at a different degree of elevation. 

2. When a metallic line has a length of kilometres, [i miles,) and 
its extremities are sunk iu a horizontal stratum, there is in that line a 
current having a constant direction from south to north, if the line bo 
extended on the meridian ; if the wire be extended in an equatorial di- 
rection, the signs of the electric current which circulates therein are 
very variable and without a fixed direction. 

3. In a metallic line much shorter, say 3U0 metres (084 feet) to com- 
mence with, there is a constant circulation of electricity, if the extremi- 
ties are sunk in the ground at a dififereut elevation as legards one an- 
other. In that case, tbe current is one constantly ascending iu tbe me- 
tallic line. 

4. This ascending current has an intensity which, notwithstanding 
the greater resistance of the circuit, increases with the length of the 
circuits, and increases also with the difference of level of the jioluts at 
which tbe extremities of the line are sunk. But iu circuits which areof 
considerable length, and in which there is a great difference of altitude 
between the extremities, the intensity of the ascending current is not 
so constant as in short circuits. 

These results change in the itreseucc of storms, and also iu great at- 
mospheric perturbations; in such cases tbe intensity of the terrestrial 
current, and likewise its direction, are subject to very considerable va- 
riations. 

Sypotlieaia respecting ike origin of the terrestrial current. — I shall be 
very brief on this point, as these researches are still deficient in that ex- 
tent which would be requisite for success in interpreting aphenomenon 
nccessirily obscure and highly complicated when submitted to rigorous 
investigation. 

When we consider that the resistance to the electric current of a ter- 
restrial stratum is nearly null, and that it does not vary with the length 
of the stratum, it is not easy to see an analogy betweeu these currents 
and derived currents properly so called. 

Associated as tbe terrestrial currents are with the apparition of the 
aurora borcalis, and with the great variations of terrestrial mnguetisro, 
the probability naturally suggests itself of an intimate relation between 
these currents and the causes of the magnetism of the earth, as well as 
of the electric state of the earth itself and of the air. If, as has been 
■.>roved by experiment, the earth is a body charg^ with negative elec- 
tricity ; if, as iu effect is the case, the tension of this electric state of the 
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earth iDcreases with the altitade of terrestrial pointa, it can bo cod- 
ceived that a metallic line, one extremity of which toacbes the bottom 
of a valley and the other a Buiiimit, should be traversed by an ascending 
electric current, with an intensity proportional to the difference of the 
electric potentialities of the two points. Since, then, the electric state 
of the earth varies even in clear and calm days at the various hours of 
the day, the electric current of the earth also might derive, from that 
law of atmospheric electricity, its origin in metallic lines, touching the 
ground with their extremities, providSi the lines be very long ones. 

But phenomena so obscure and complex demand great reserve in any 
attempts which are made to explain tbem, and it is only from those new 
and persevering researches which we invoked at the beginning of this 
memoir, that greater light can be hoped for in regard to a pbenomeuoo of 
80 much importance in terrestrial physics. 
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LECTURES ON THE PHENOMENA OF FLIGHT 
IN THE ANIMAL KINGDOM. 



By Af. Maket, of Ihe Colkge of Ftatice. 



[TrantlaUdfrom tke Eccue Da Court SdentifiqM»,for th« Smilluoaiaa InttitatUm.'] 

We shall occupy ourselveB oa this occasion in the discassion of a 
questioD n'hich is conaected vith our first studies on motioa, as one o£ 
the fimctioDs of Ufe, namely, with the — 

NATUBE OF FLIQHT HI THE ANIUAL KINGDOM. 

night is a process of locomotion, in some cases indispensable and ia 
others accessory to the life of an immense number of liviDg beings. It 
is not confined to insects and birds tliat live habitually in the air, or to- 
certain mammals, such as bats, but is also common to animals vhicU 
are essentially confined, by their organization, to a terrestrial or aquatic 
life, such asflying and dragon fish, gecko-lizards, and, above all, to ptero- 
dactyles, a race at present extinct. The field on which we are about to. 
enter is very extensive ; and although it has been long cultivated, it 
would not be surprising if we should find that it has not been entirely 
exhausted, or that it is still capable of yielding new facts. 

In begiuQiu^, for the first time, the study of locomotion, we should 
address ourselves to the origin of the phenomena connected with the 
subject, and we would pause upon the elementary apparatus which is 
its special organ, namely, muscular Jiber, and also upon the elementary 
function of this indispensable organ, namely, muscular cmitraction. We 
have, however, considered these in their general application to motion 
in previous lectures, and need only recall them to mind in this place. 
The evident manifestation of animal motion is the production of a 
change of place, or locomotion; but what we are now to consider espe- 
cially is aerial locomotion or flight. 

Animal motion presents a series of complex phenomena; for exam- 
ple, when we bend a finger, and examine the series of events which 
occnrs in the production of the desired result, we find, at the beginning, 
first, the operation of the will, orajmyc&imi action; secondly, the trans- 
mission of the influence of the will, or a ■nervous action; thirdly, the 
contraction of the muscles, or muscular action; and, fourthly, the motion 
of the finger, which ia a mechanical action. In the study of these phe- 
nomena with which shall we commence! A philosopher of the past, a 
Spinozist, would not hesitate in answering, hut would say at once, the 
logical order should be observed; the examination of the action of the 
wUl should be first made; and the other phenomena deduced from the 
result of this, as the primary cause. But this method is the one which 
the modem school of science rejects. The investigators of onr day re- 
verse this order, and, instead of descending from causes to effects, ascend 
from effects ta causes, from more simple and evident phenomena to those 
which are more complex and hidden. If we first attempt to grapple with 
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the psyctiical phenomeita in the aeries ve have mentioned, we shall find 
ourselves at once encountering difficulties far beyond oar power to over- 
come. If it be true, as has been said, that all investigation, when reduced 
TO its ultimate element, is measurement, how can that he investigated 
which is beyond the reach of all measurementi What unit will serve to 
express in figures the phenomeiia of intelligence, will, and sensVnlityT 
These, although similar in some respects, and belonging to the same gen- 
eral class of pbenomena, are so heterogeneous to others with which they 
are associated as to admit of no comparison. Physiologists, therefore, 
address themselves, aa we have said, at first to the study of the phenom- 
ena which offer the most easy study, and these are almost always the 
last terms of a series of acts such as those which I have mentioned. 
Each sQccessive discovery, then, facilitates further advance, and enables 
the investigator to rise toward results which at first appearunattainable, 
and to elevate himself almost to the level of those questions on which 
specnlative philosophy has spent itself in fruitless efforts. We, therefore, 
commence with the study of muscular aetion. The first step in this 
was made when the unattainable influence of the will was replaced 
bj the electrical stimulus ; muscular contraction then commenced to be 
studied by itself, separate flx)m all extraneous iufluences. 

You know of what assistance in studies of this kind is the application 
of the graphic method with the registering apparatus. It was by means 
of this method, and the instrument called the myograph, that Helm- 
holtz, in 1850, prosecuted his admirable researches on muscular action, 
and 1 was enabled to add my contributions to the theory of muscular 
contraction. The myograph enables ns to note the exact instant when 
the phenomenon begins, its duration, and extent ; while the curve traced 
on the cylinder makes known all the circumstances of its production. 
Now, the possibility of noting the precise instant of the muscular con- 
traction furnishes us with the means of the examination of the second 
of the acts which form the object of our researches, namely, the trans- 
mission of the nervous force. 

Up to 3 very recent date, even as late as 1845, it was thonght that 
sensitive impressions were transmitted to the brain from the extremi- 
ties, and that the impulse of the will returned with tlie rapidity of 
lightning, the time necessary for the transmission being regarded as 
infinitely small ; and, indeed, some physiologists, Mtiller among others, 
contended that this point never could be settled by science. The honor 
of falsifying this prediction belongs to Helmholtz, who carried out, in 
1850, a programme of experiments, suggested by Du Bois-Baymond 
five years before. He proved that the time taken by nervous force to 
traverse the length of a specified nerve could be accurately measured. 
After him, Valentine, Du Bois- Raymond, Donders, and Marey repeated 
the experiments, and considerably simplified the method of operation. 

In all the researches the plan which was followed consisted, first, in ex- 
citing a nerve in the neighborhood of the muscle to which it belonged, 
juiddeterminingthe interval which elapsed betweenthis irritation and the 
contraction which resulted from it; secondly, in stimulating the nerve at 
a greater distance from the muscle, and determining how much longer con- 
traction was retarded than in the former case. This delay necessarily 
follows from the greater distancewhich the nerve-impulse has to traverse 
in the second case, and thus indicates the rapidity of this agent along 
the nerve which has been operated upon, or, in other words, furnishes the 
means for the deduction of the absolute velocity of the nervous im- 
pulse. Helmholtz fonnd that about 0.00175 of a second was occupied 
hy a nervoos impulse in traversing a distance of forty-three millimeters^' 
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which correspoads to a velocity of twenty-six meters per second. This 
velocity, however, varies somewhat with the couditions of the organ on 
which the experiment is performed. I shall not dwell on these points, 
which are already pnblished, but shall call your attention to this re- 
markable fact, hearing directly upon onr thesis, namely, that the meas- 
' urement of the nervons transmission enables us to rise to the study 
of psychical action. " Has thought no longer the infinite rapicUty 
which has been habitually attributed to it, and is it possible to measore 
the time necessary for the formation of an idea or a determination of 
the will f ^ Such are the terms in which Bonders exi>Fe88es the prob- 
lem. 

The first researches on this interesting subject are due to the astrono- 
mers. Toward the year 1790 a curious &ct was announced by Maske- 
lyne, who stated that in the estimation of the passage of stars across 
the thread of a meridian telescope, there was a constant discrepancy 
between his observations and those of his aid, Kinnebrock. Later, 
Beasel, comparing the observations of other astronomers with his own, 
perceived that most of the observers signalized the passage of stars a 
little later than he did, the difference in some cases being more than 
a second. These observations attracted the attention of astronomers 
generally. They commenced to study the phenomenon under the name 
of the personal equation, and to ascertain its absolute value. To illustrate 
the method of obtaining this result, we shall only describe the process 
lately invented by M. Wolf, of the Paris observatory. He arranged a 
luminous bull'a-eye, a kind of artificial star, so that it moved at a uni- 
form rate along a carved line, resembling the trajectory of a tnio star. 
At the moment this luminary actnall; passes before the thread of the 
telescope, or at the moment when its center coincides with the central 
thread, it closes the circuit of a g^vanic battery ; at this precise instant, 
an electric current, excited by the completion of the circuit, records the 
passage of the star on a revolving cylinder. Moreoverj the observer, at 
the moment when he perceives the passage of the artificial star before the 
thread of the telescope, by pressing a spring, records the instant on the 
same chronograph. The interval between the two signals, estimated in 
fractions of a second, measures the lapse of time between the real pas- 
sage of the star and the estimation of its passage by the observer. This 
is the absolate value of the personal equation, which remains nearly the 
same for each observer, unless, being aware of it, be endeavors to cor- 
rect it. M. Wolf reduced his error from three-tenths to one-tenth of a 
second. 

From a physiological point of view, we may ask, What is this personal 
equation T The astronomers, Bessel and Faye, have suggested the hy- 
pothesis that an intellectual operation is necessary for transmitting by 
a signal a perceived sensation. The phenomenon has not the less gen- 
erahty from having been at first signalized by astronomers, and it may 
be said that a certain time always elapses between the instant of occnr- 
rence of a phenomenon and the signal of an attentive observer that he 
perceives it. The duration which separates the Impression from the 
signal of the reaction has been called the physiological period. We owe 
very curious observations upon the variations of this physiological 
period to M. Hirsch, (of Keufchatel,) and especially to M, Donders, and 
his pupils. 

Thus, the signal of reaction being always the same — for example, a 
motion of the hand, as in closing a galvanic current — it is observed that 
the signal is produced more rapidly if the impression is made npon the 
eeose of hearing than if it is exercised npon the sense of sight, and still 
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more quickly by tactile irritation. If the impression is on the eye, the 
reaction of the hand takes place in one-fifth of a second ; if it is on the 
ear, in one-sixth of a second; and on the skin, in one-seventh of asecood. 
Thus the physiolo^ciil periods are among themselves as the numbers 
one-fifth, one-sixth, one-seventh. But does this period of, for example, 
one-seventh of a second, which elapses between the moment when the 
skin is irritated and that when the obsen-er moves his hand, corre- 
spond entirely to a psychical actt We answer no; it is necessary that 
the sensory impression shoald have time to reach the brain ; cerebral 
perception and volition being then accomplished, time is required for the 
motor impression to reach the muscle and determine its motion. Xor 
is this all. The impression once produced passes through the neive 
with a known velocity, but this impression is not Instantaneously pro- 
duced; it needs time to take form, to be completed before becoming 
ready to traverse the nerve. It is not sufficient, therefore, to deduct 
fh)m the total duration of one-seventh of a second, the duration of the 
imssage of the sensory nerve-force and of the motor nerve-force, to con- 
clude that the remainder appertains to the psychical act. These experi- 
ments do not exhaust the subject. They do not make known the dura- 
tion of the cerebral act, nor even whether it has a duration. 

M. Bonders instituted in the meanwhile a series of experiments des- 
tined to remove all doubta. His method consists in augmenting the 
physiological period until the measurement of the intercalated intel- 
lectual operation can be clearly observed. 

The following is the plan of one of his experiments : 

First case. — The observer knows that an electric shock will be given 
to his right foot, while the signal of reaction is to be given by the right 
hand. 

Second case. — The observer does not know which foot will receive the 
irritation, and is instructed to give the signal by the hand of the irri- 
tated side. 

The physiological period measured in the two cases was longer in the 
latter by about one-fifteenth of a second. It is clear, all the other con- 
ditions being the same, that the difference in question represents the 
time necessary to determine upon which side the irritation bad taken 
place, and to direct to the right or left side, conformably with the idea 
acquired, the action of the will. Consequently the solution of a di- 
lemma reduced to the most simple form is a cerebral action existing 
during one-fifteenth of a second. It is thus experimentally established 
that a cerebral action has a duration. We finally become assured that 
this duration is augmented in proportion as the psychical action be- 
comes more complicated, and that it is diminished when the action be- 
comes simplified. 

Instead of exciting the organs of touch, Bonders next experimented 
as follows on visnal irritation : 

First case. — The observer executes a movement with the right hand 
npon the appearance of a white light. 

Second case. — A white light and a red light are employed, and the sig- 
nal of reaction is to be given vrith the right hand for the white light, 
and with the left hand for the red light. Under these conditions the 
solntion of the dilemma consumes in the mind a more considerable 
time. On the contrary, in the ease of auditory stimulation, the dilemma 
was solved by the mind in less time than in the case of visual stimula- 
tion. The author of these researches attributes this superiority of one 
sense over another to a facility derived from habit or exercise ; and, in 
faMt, repetition tends to equalize the action in the case of the two hands. 
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The elementary psychical actioa ^hich we have examined has not yet 
attained the greatest degree of simplicity. Since, io the solution of the 
preceding dilemmas, two operations of the brain can be distiognished — 
first, tUedistinction between different impressions ; second, the volition of 
an act chosea from among other acts— Donders asked himself if it might 
not be possible to determine separately the time appertaining to each of 
these two terms. The following is the experiment which he instituted 
to attain this object : 

First ease. — An obsen'er was warned that a vowel wonld be pro- 
nounced, and was directed to reproduce the sonnd heartl. 

Second case. — The observer in this second arrangement was directed 
to respond only to a single vowel — i,for example — and to keep silence for 
all others pronounced. His effort was then entirely directed toward the 
recogoitiou of t, the vocal organs were placed in the projKr position, and 
the impulse of the breath alone was needed to emit the corresponding 
sound. We readily comprehend how much the second term of the psy- 
chical action is simplified under these conditions. The will having only 
to apply itself to the production of such a sound, *nther than any other, 
reacts, so to speak, without a previous judgment, and the signal follows 
the act of volition as simply as can be imagined. We naturally observe 
that this restricted operation occupies less time than the first by the 
amount of time necessary to respond to each sound with its equivalent, 
and this difference corresponds to the action no longer required by the 
brain. 

The preceding considerations indicate sufSciently the path which we 
have to follow. Having to study the function of aerial locomotion, we 
shall examine the organ which serves to accomplish it, namely, the 
wing. It is by the movements of their wings that animals sustain and 
direct themselves io the air. They strike the atmosphere with repeated 
blows, and the reaction of this fluid on the surface which they expose 
serves for the propulsion of the entire body. 

I.— Flight op insects. 

The first subject which presents itself for our investigation will be 
the inquiry as to the frequency of the motions of the wings of in- 
sects. Here we encounter the first difficulty. The movements of the 
wings are so rapid in most cases that the eye cannot count or follow 
them. There are very few insects which fly slowly enough to render 
this direct determination possible. Among the most common we may 
mention the white butterfly which is frequently met with in our fields, 
the cabbage Fkris. This insect, which has a jerking flight, seldom exe- 
cutes more than eight or nine movements of the wing in a second; while 
those insects whose flight is directed with precision and without jerks 
toward a determined point generally execute hundreds of strokes of 
the wing in a second. Thus, in the mtuority of cases, direct observsr 
tion cannot follow the wing of insects. We observe a body in motion, 
but we oily perceive the extreme limits of its oscillation ; it may, how- 
ever, be said that these limits are seen with great i>recision. Bat 
that observation may be facilitated, it is necessary that the subject of it 
shall be placed in a favorable situation. We take, for example, one of 
those Macrogloasa (sphynx moths) which frequently serve as the subject 
of exiwriments on account of their lai^ size and the readiness with 
which they are obtained. Fastening its body with a pin between two 
strips of cork in such a way that it shall not turn aronnd upon the 
axis which pierces it, and that the motion of iU winsa ^ooe shall be en- 
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tirely free and placing it before os, the wings being in motion, we 
perceive two oblique lines, which mark the limits of passage of each of 
Its wings, while their intermediate positions continue to escape the most 
acnte observation. 

It is hardly necessary to give an explanation of this fact. Every time 
that a body in rapid motion changes its direction to return on its steps 
and to traverse in a contrary direction the road which it has already 
traveled, 9 moment arrives when its motion, before change of direc- 
tion, becomes absolutely nothing; this point of cessation, this dead- 
point, is the extreme limit of oacitlation. This is why the impression 
18 produced before the wing has left the limiting position, And at the 
moment when the impression is about to be effaced the wing has had 
time to make a complete oscillation and to return to its point of depart- 
ure, so that the new impression is confounded with the old one, and the 
eye experiences a continuous BensatioD, the result of the fusion of the 
intermittent sensations. But since the optical method is insufficient to 
inform us of the frequency of the vibrations of the wings, we must 
bave recourse to another process. I may say, in advance, that the 
graphic process is the most exact of any we possess, and you shall be 
the judges of the results it will afford us. However, before broaehing 
this new subject I cannot dispense with saying a few words on an inge- 
nious method based od the observation of the sound which insects pro- 
dace daring their flight, aud which we may desigaate as the acoastic 
method. 

Every one bas heard the souud which insects produce while flying. 
If this vibratory buzzing is due to the strokes of the wing, and if they 
result from its alternate motion back and tbrth, as the sound of the reed 
resnlts from the vibration of a metallic lamina, then in ascertaining the 
pitch of the sound the number of alternate vibrations to which it cor- 
responds will be known. For tliis, a tuning-fork, or a piano, is sufficient, 
with which we can compare the pitch of the sound jiroduced by the 
insect. This method would be very conclusive if the principle upon 
which it rests was incontestably established. But on this point there is 
a difference of opinion among naturalists. First, a number of sounds 
produced by insects can be definitely excluded, which are certainly not 
product by the vibration of the wings. Certain coleoptera, for exam- 
ple, produce sound by rubbing the last upper segments of the abdomen 
against the elytra,* T. Lacordaire cites, among the insects which emit 
sound in this manner, the yecrophori, the Oopri, the exotic ScaraM, and a 
bostof lamellicorn beetles not found in Europe. Almost all the lamelli- 
corns produce a deep sound by rubbing the peduncle of their mesothoraxj 
against the prothorax} in which it is inserted. Certain of the CiciTtdelidtc, 
the Oxychnla tristis, the MeloiiomidiE, the Cacicug americanus, rub their 
thighs or their hinder legs against the border of their elytra, pro- 
ducing in this way a peculiar noise. Ollivier, in the first volume of his 
entomology, mentions the fact that the female of a Cape of Good Hope 
insect, the Moluria striata, calls the male by rubbing a granular protuber- 
ance upon the lower part of the second segment of the abdomen against 
estraneoos objects. Finally, among the crickets one part of the anterior 
wings, thinner than the rest, forms a kind of drum or tympanum ; one 
of the nervurca which traverses this drum is armed with denticles, on 
which, during the alternate motion of the wings one over another, the 

* Elytra: the bard outer winga of beetles. 

t MewOiarax : the Becond BegmeDt of the middle or leg-beariag aiTisioa of the bodf 

«f a beetle. , - ,^ ,,,, l„ 

tpTDlhona: the fint Mgment of the eame. r izciJby V^UOy iL 



232 PHENOUENA. OF FLIGHT IN THE ANIMAL KINQDOM. 

saiieDt border of the opposite wmg is mbbed in sach a manner as to 
eoand tbe drum and produce tbe Doise familiar to every one. It will be 
understood that at present we eliminate all these soauds, tbe origin of 
which is evidently different from that of the vibratioDB of the wings, 
and confine ourselves to tbe very great number of cases ia which the 
buzzing of the insect is manifestly produced by tbe rapid strokes of 



Cbabrier and Lacordaire report that a portion of the wings of most 
insectscanbedestroyedwithontacessatioaof tbesouud. " In portions, 
as pieces of these organs are cut off, the sound becomes sharper^ and aea- 
sibly more feeble, especially when we leave only a stump remaining. If 
this last be removed, which can only be done by a considerable laceration 
of the muscles which attach it to the thorax, the buzzing ceases entirely.'^ 
" If," concludes the author, " the buzzing were entirely due to tbe wings, 
we could not cut off with impunity three-quarters of these organs." This 
objection confirms the hypothesis which it apparently was intended to 
disprove. In effect, since the sound is elevated in the same ratio in 
which tbe vibrating wing is diminished in length, is not this pbenomeaon 
entirely analogous to that whieb we observe when we have shortened 
a i-ibrating rod ! The modification produced in the sound being the 
same in both cases, should not the mechanism of its production be iden- 
tical! At least the facts cannot be regarded otherwise, if the vibra^ 
tions of the wings are really the cause of the buzzing. 

The authors whom we have justcited have indicated an entirely different 
cause for the acoustic phenomena. They have attributed them to the 
air which enters the tracbeie, and which, passing rapidly outward, puts 
in vibration the little scaly organs which surround the base of the stig- 
mati.* And they cite, in confirmation of their views, this fact — that the 
buzzing also ceases if the surface of the body of the animal is covered 
with gum so that the excess of air to the respiratory canals is prevented. 
The lips of the stigmati act as thelips of the glottis do insuperior animals, 
and the buzziug of the insect, therefore, becomes a true voice. Whatever 
may bo the fute of this explanation, the result which we desire remains 
tbe same. We see, in eftect, that in the motions of tbe wing there is, 
as it seems, only a single active period — that in which it is lowered, 
brought down ; the elevation takes place in consequence of the elas- 
ticity of the pieces of tbe thorax strongly stretched by tbe contraction 
of the muscles which pull down the wing. At tbe same time that this 
tension is produced, the volume of the thorax is amplified and the incur- 
sion of air is the immediate result of this iucrease of capacity. The air 
must then enter and leave the traehese at each stroke, and tbe vibra- 
tions it produces (whether proceeding from the wing membrane or from 
the stigmati) correspond exactly to the movements of the wing. 

Tbe acoustic phenomenon, if it is not the consequence of the vibra- 
tion of the wings, is at least synchronons with it. It can inform us, 
therefore, in all cases of the frequency of tbe strokes. When the buz- 
zing of an insect, flyiug with a uniform rapidity, is observed, we find that 
tbe pitch perceptibly does not remain tbe same ; when the insect ap- 
proaches the ear the pitch is elevated, and is lowered when the insect 
flies from as. Something analogous takes place when a tuning-fork in 
vibration is moved rapidly to and from the ear ; tbe sound becomes 
elevated and then lowered, and the difference may attain a quarter or 
eveu half a tone. It is necessary, therefore, to take care that the in- 
sect experimented on should always be at the same distance from the 

* Sligmali : the Bpirocloa or opsiuDgs li. tlio estomal integnment of. f nMctg. Utrctngh 
-which respiiation IS carried on. ^ ..lAi'.HK^K 
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observer. This perturbatory phenomenon lias been perfectly explained 
as follows : The vibrations, without donbt, are all produced at -equal in- 
tervals of time, and, therefore, when the instrameut remains at the same 
distance from the ear, the same time elapses between the several im- 
pnlaes on the tympanum. But when the fork is made rapidly to ap- 
proach the ear the impulses are crowded together, and consequently the 
pitch rises ; when, on the contrary, the fork is rapidly removed &om the 
ear the impulses are wider apart^ and the sound deepens. Every one 
has remarked, in traveling by rail, that if a locomotive whistles while 
passing in an opposite direction, the sharpness of the sound increases 
as it approaches, and becomes deep when it has passed and is rapidly 
becoming more distant. 

II. The movertienta of the tcing of insects. 

To arrive at a complete comprehension of the mechanism of flight of 
insects, I have said that we slionld, in the first place, resolve a certain 
number of practical questions which should serve us as steps to reach a 
definite conclusion. I could present you immediately with the final 
result of the experiments by which I have elucidated this subject for 
myself, and the theory which expresses them, but I prefer to proceed 
otherwise. I shall enter on an examination of the facts and into the 
details of the experimenta, in order that ray hearers may participate 
more completely in the studies which we pursue together, for I am per- 
suaded that there is as much profit in knowing bow to arrive at a result 
as in knowing the result itself. 

1. We have begun to study the motions of the wings, and the first 
question which presents itself is the frequency of these motions. On 
Uiis point direct observation is of httle assistance: the acoustic method^ 
which consists in determining the frequency of the strokes of the wing- 
by the pitch of the buzzing of the insect is more efficient, but we have 
seen that even the principle of this method htm been contested, and that 
its application presents difficulties. The graphic method remains to be 
considered. This method consists in making the wings themselves 
record the strokes which they execute. When an insect is held in 
captivity by force which it cannot overcome, after trial it ceases 
a useless resistance; it resigns itself and abstains from all efforts tO' 
escape, its wings remain immovable, and in this way the observer who- 
hopes to study their motions finds himself disappointed. But there ara 
different methods of awakening the insect to its original activity; it 
ia sometimes sufficient to pinch the antennee lightly ; this irritation of a 
very sensitive organ succeeds with the Maeroglossa. Among the wasps 
the end may be attained by titillating the feet, or by holding them all 
together with a pair of forceps, and then releasing them suddenly, except 
one, by which the animal is held. The captive supposes that it is at liberty, 
and makes an effort at flight which last about thirty seconds, or long 
enough to be observed. Thereis,however,anotherdifficulty. Thecaptive 
insect, when willing, cannot fly like an insect at liberty, because the exter- 
nal conditions are not the same. It experiences a greater resistance in 
proportion to the traction which it exerts upon the bond which holds it j 
to a free insect the relation is such as a boat held by au obstroctiou 
bears to one sailing freely, or as a horse which drags a load to one re- 
lieved from harness. This resistance modifies its behavior considerably, 
and obliges ns to distingnish between the two different conditions of 
freti flight and flight in captivity. It is indispensable to establish these 
distinctions, in order to appreciate at their true value the results to 



234 PBEKOMEKA OF FLIGHT IN THE ANIMAL KINQDOU. 

which we are conducted by the graphic as well aa the other methods which 
we may employ. 

I'be apparatus ou which the wiugs record their motions ia the ordi- 
nary regi8t<ering apparatus, consisting of a metal cylinder covered with 
smoked paper, to which a nniform rate of motion is imparted by clock- 
work. Let us suppose that, instead of the motions of the wings, we 
would simply register the oscillations of a vibrating rod. For this pur- 
pose the extremity of the rod is furnished with a little style which 
touches the blackened paper with its point, and, as the different parts 
of the moTable cylinder pass successively before the point, the soot is 
detached from the places which it touches and a trace produced. If the 
rod is not in vibration, it makes a long white rectilinear trace without 
sinuosities, a straight line which, rolled upon the cylinder, constitutes a 
circumference. If it is in vibratory motion, its tr^ectory will be a 
cnrved line, of which the sinuosities indicate all the circamstaoces of 
the motion, its phases of elevation, it depressions — in a word, all its 
movements — and consequently all the osciltatious which the vibrating 
rod ezecntes in space will be faithfully reproduced on the paper. U' 
we would ascertain the frequency of the oscillations, it is sufBcient to 
know the rate at which the cylinder revolves. Ordinarily a tuniug-fork 
is employed, of which the number of vibrations is previously known, as, 
for example, one hundred vibrations per second. This is made to write 
its vibrations upon the registering cylinder below the line traced by the 
vibrating rod, of which the number of vibrations are desired. The 
comparison of the two tracings shows at once the number of the motions 
of the tuning -fork back and forth ; that is to say, how many hundredths 
of a second correspond to one oscillation of the rod ; the number of mo- 
tions of the vibrating body during a given time is thus known with 
great exactness. 

It is not, however, as easy to obtain the tracing from the wing of an 
insect as from a vibrating rod, and this for several reasons. In the first 
place it is very difficult to fix at the extremity of the wing a writing 
style ; however light it may be, the rapidity of the motion to which it 
is submitted is sufficient in most cases co throw it off. If^ however, 
After many trials and much precaution we are able to retaiu it in its 
place, a permanent cause of perturbation still exists from its very 
presence. Under the influence of this incumberance the extent and tVe- 
^nency of the strokes of the wing are evidently diminished. It is easy 
to convince onrselves of this by taking aMacroglosaa and fixing it in the 
manner which we have previously described ; that is, immovably between 
two strips of cork, by means of a pin. Looking down upon it we per- 
ceive the extreme limits traversed by the wing above and below which 
we have called the dead-points. If some substance is applied to ^e 
surface of the wing, we see by the effect of this burden, in diminishing 
the play of the organ, thetwolimits of oscillation approach one another, 
and the extreme upper position^which just now was almost vertical, in- 
clines toward the horizontal. We mny finally remark that it is only at 
the cost of considerable chafing against the surface of the moving 
cylinder that we can obtein a complete tracing of the movement of the 
wing. The wing cannot touch the cylinder except during a very short 
instant of its stroke ; that is, the instant when the wing reaches pre- 
cisely the distance from the body of the animal to the cylindrical sur- 
face. The spherical figure which the margin of the wing describes ia 
«pace cannot have more than one point in common with the blackened 
cylinder. We can, therefore, only obtain, as the whole impression, a 
series of points at more or less regular intervals; and, if a more pro- 
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longed contact is desired, it can only be by curving the wing and fold- 
ing it upon itself, and consequently the natural curve which the or- 
ganization of the insect obliges it to traverse will be falsified and 
altered. In any case the friction ngaiust the blackened surface will re- 
tard the motion, and although the retardation which it causes may be 
neglected when it is opposed to bodies of large size, such as a tuning- 
fork or a vibrating rod, it cannot be when the vibrating object is the 
delicate membrane which constitutes the wing of an insect. Again, the 
friction, although exceedingly small, is found fully comparable with the 
forces which come in play in the motion of the wing, and its interven- 
tion notably alters the action of the latter. Experiment has confirmed 
these views. In one case an insect executing the motions of fiight, and 
nibbing its wings somewhat roughly against the paper, furnished 240 
movemeuts per second; by diminishing more and more the contact of 
the wing with the cylinder, there have been obtained 282, 305, and 321. 
If, therefore, we would have a faithful representation, it is necessary to 
renounce the idea of obtaining those beautiful, regular, and continuous 
lines which are produced by the tuning-fork or vibrating rod, and content 
ourselves with interrupted lines, half-strokes represented by fragments, 
or even ouly isolated dots, the periodical return in these incomplete 
markings of definite forms permits us to infer the repetition of similar 
oscillations, and hence to determine their frequency. The operation is as 
follows : With a delicate pair of forceps we hold the insect by the lower 
portion of its abdomen, in such a position that one of its wings at each 
movement shall lightly touch the blackened paper. Each of these touches 
takes off a portion of the soot which covers the paper, and, as the cylin- 
der tnms, new points incessantly present themselves to the contact of 
the wing. A figure is thus obtained, formed of a series of points or 
short strokes of perfect regularity if the insect baa been maintained in 
a fixed position. 

Fig. 1. 



Sbowioe the freqaeccy of the wine-Btrokee of a drone, (the three nppet lines,) and 
of A bee, (the lower line.) The fourth hne ie prodoced liy the Tibration of a tuiiiiiK- 
fork, fumisbed with a st;le, which executes 250 donble Tibrations per eeooiid. 



• strongly on the paper 

We have obtained a large number of these tracings in which the wing 
has only touched the surface of the registering cylinder, and has left 
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only a point &a a mark in eacb of its ribratioDS. I exhibit a naml>er of 
these, and trust as sood as the return of spriag i>ermits us, to pro- 
cnre insects to show you the experiments by which these tracings have 
been ptoduced. Those which you are now examining have enabled me 
to determine the irequency of the strokes of the wings of the following^ 
HI sects: 

perMoand. 

Common fly 330 

Humble-bee 240 

Honeybee ^ 190 

Wasp 110 

Sphinx moth, {Macroglossa) 72 

Dragon fly, (Libellula) 28 

Cabbage butterfly 9 

Certain authors have estimated this number of vibrations by the 
acoustic method, but there is a notable discrepancy between the above 
figures and those which they have deduced from the pitch of the sound 
that these insects produce in flying. In the case of the common fly, T. 
Lacordaire has computed the number of the vibrations of its wings at 
COO per second, that is to say, twice as many as our figures exhibit. 
Has there not been a misunderstanding here, as is f^quently the case, 
in the use of the word "vibrationT" Some persons wrongly consider 
the raising and depressing of the wing as two vibrations, and reserve 
the term of "simple vibrations" for one or the other of these isolated 
motions. On the contrary, if we follow the nsage most generally 
adopted, the two motious together, by which the body is again in its 
original position, should be considered as a single vibration. 

The previous observations which wo have made on firee flight, and 
on flight under restraint, somewhat curtail the range which we are 
tempt«d to accord to these numbers. The animal, according as it desires 
to move with a greater or less rapidity, can change at will not only the 
extent of its wing-strokes, but also, to a certain extent, their frequency. 
Fatigue may exercise an analogous influence to that of the will ; after very 
rapid motions, the exhausted animal diminishes the number of its strokes, 
which sometimes falls to a fonrtb or a fifth of its normal value. It con- 
tinues to relax them more and more until a period of repose and repara* 
tion permits it to resume its usual flight ; nevertheless the examinatioD 
of these numbers suggests some general considerations. We have 
reason to think that each of the muscular contractions which determine 
the drawing down of the wind is the result of a single impulse, (Zwkung 
of the Germans,) although in man contraction is due to successive im- 
pulses which are merged in one another when they are produced more 
IVequently than 30 times in a second. Amonglnsects the limit of fusion 
of impulses is infinitely more remote, and ends with leaving the wing 
immovable in a sort of permanent tetanic contraction. It is easy to 
assiu« ourselves of this by means of living insects, or better, by means 
of the artificial Insect which I have constructed. When the impulses 
.become too rapid, their extent diminishes; at this moment they no longer 
serve for the propulsion of the animal, whose wings appear quite immov- 
able or merely agitated by a light tremor. Nevertheless, the number of 
muscular waves which the fibers of insects will admit without inter- 
mingling, a number which in the fly amounts to 300 per second, forms a 
physiological fact, very interesting to note. Among other animals the 
limit is not so remote; among birds fusion is produced after Tfiimpuises; 
among mammals after 30, and among reptilia after only 4. These di(- 
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erences correspond, Ib Tirtne of the relations vliicli I bare long since 
explained to yon, to analogona differences in the rapidity with whizh 
the elementary impulse traverses the muscular fiber of these different 
animals. The muscular fiber of the insect will then be characterized, 
physiologically, by the property which it possesses of fnroishing a con- 
aiderable number of distinct impulses, as well as it is anatomic^y 
characterized by its relative size and its striation. 

The graphic process which enables us to judge of the frequency of 
the strokes, also permits us to show the perfect synchronism of the play 
of the wiogs. For this purpose it is necessary to choose an insect 
of which t^e amplitude of the wing-vibratioDB is large, so that in their 
moment of greatest elevatioD they may nearly meet above the dorsal 
region of the animal. If the insect is placed uear enough to the regis- 
tering cylinder, the dorsal region turned toward the blackened surface, 
it is clear that at the moment when the wings approach each other they 
will leave their traces on the paper, thus describing a series of loops and 
curves, of which the perfect correspondence proves the synchronism of 
the motions from which they originate. 

FiR. 3. 



Furthermore, we can convince ourselves that a sort of necessary con- 
oectiou exists between the motions of the two wiugs. If we throw an 
insect violently apon the ground, so that it is stnnned and can no longer 
«zecute voluntary motions, we observe that, by producing motions in 
one of the wings, the other follows, to a certain extent, the movements 
inflicted on its fellow. If one of the wings of an insect is depressed, the 
other also bends down ; if one be raised the other elevates itselfl Cer- 
tain species, especially the wasp, lend themselves very readily to this 
experiment. According to Chabrier, the author of an extensive work 
on the mechanism of the flight of insects, synchronism cannot fail to 
exist. This author considers the depression of the wing as the only 
effective portion of the stroke ; its elevation is a passive phenomenon due 
to the action of physical forces. In fact, after the depression each dor- 
sal arc of the thorax is deflected like a bent how, and when the muscu- 
lar contraction ceases the bow springs back in virtue of its elasticity, 
and, the wing is raised. Kow, if the pressure did not act simultaneously 
on the two extremities of the bow it could not be flexed as it is, and the 
mechanism which we suppose would be impossible. The realit^ of this 
aynchroDism is, then, a strong proof in favor of this manner of nnder- 
atanding the motion of Uie wing. 

After having determined, in a general manner, the frequency of the 
vibrations of tiie wing, we seek to know the variation produced in the 
Dumber of these vibrations by agents capable of influencing the activity 
of the animal. In the flrst rank of such agents must be placed beat and 
cold. We know that warm, dry weather is essential to insects, espe- 
cially coleoptera, to enable them to fly well; special observation has 
conflrmed this fact. We are able to state that, within certain limits, the 
frequency of the strokes is augmented with an increase of the tempera- 
ture, and tiiat they become slower under a gradual increase of col^ 
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II. — FOKU OP THE UOTIONa OF THE TTOIGS. 

After having studied the irequency of the vibrations of the wings. 
It is necessary to study their form. For the end which we desire to 
obtain — that is, to arrive at a theory of the dight of insects — the most 
important element to comprehend is that which we now proceed to in- 
Testigate, namely : The form of the trajectory which the wing describes 
in space instead of the rapidity with which ^is trajectory is described. 
In order to arrive at this determination we shall have recourse to two 
processes vbich will reciprocally correct each other — the optic method 
and the ordinary graphic method. 

Optic determination of tks movement of the icing. — When a brilliant 
body moves with rapidity it leaves upon the retina a kind of luminous 
train which acquaiuts us with the trajectory through which the body- 
has passed. Children sometimes amuse themselves in producing the 
most varied figures by brandishing in the air a stick having one end oa 
fire. It is on this principle that the apparatus known in physics tmder 
the name of Wlieateton^s calidrophone is founded. This is a rod, fast- 
ened upright on a heavy foot, to which complex vibrations may be given, 
and to the ends of which a brilliant metallic bead has been affixed. It 
tbe n>d is put into vibration the brilliant bead describes in space lumin- 
. ous figures which vary with the different combiimtions of the vibratory 
motions. If a brilliaut spangle can be attached to the extremity of the 
wing of an insect, this spangle, traversing without cessation tbe same 
points in space, leaves a continuous luminous figure, exempt from the 
imperfection which is caused by friction in the case of the graphic cyl- 
inder. The extremity of an insect's wing can thus be rendered brilliant 
without mutilating it in any way ; it is sufScient to place upon it a drop 
of varnish, to which a small piece of gold-leaf is applied. The varnish 
dries so rapidly that the insect cannot throw off this little reflector of 
light, and nothing more is necessary than to bold the animal in a fixed 
position to observe the play of light upon the small brilliant surface. 
Under these conditions the bee and the wasp furnish a well-marked 
"figure of eight." 

Fig. 4. 



PHENOMENA OP FUQHT IN THE ANIMAL KINGDOM. 233 

The flgores of eight are more or less 'widened or compressed according 
to circumstances. Sometimes tlie point of the wing seems to move 
almost in one plane. In the dragon fly (Libellula) a f gure of eight is also 
observed, bnt much more elongated; the loops are narrow and laterally 
compressed. With the Macroglosaa galium it sometimes seems as if the 
preceding form had disappeared, and is replaced by a 89rt of ellipse. 
However, in examining it closely it is soon perceived that this ellipse is 
enrmonnted by a little loop, very slightly developed, relatively to the 
curve which supports it. It seems that one of the loops is enlarged at 
the expense of the other, but this last has not entirely disappeared, and 
the vestige what remains testifies to the persistence of the figure of eight 
-which is encountered in most other cases, and which may serve as the 
general type. 

Changta of the plane of the wing. — The luminous flgare which the gilded 
wing of an insect gives in its motions also shows that, daring the alter- 
nate motions of fiight, the plane of the wing changes its position in 
relation to tie axis of the body of the insect. During the period of 
elevation the upper face of the wing is directed backward, while it turns 
a little forward during its descent. In fact, if we gild a large extent of 
the upper face of the wing of a wasp, taking care that the gilding shall 
be limited to this face, it is seen that the insect, placed in a ray of 
light, gives the figure of eight with a very unequal intensity on the two 
Bides of the image, as is seen in the preceding figure. It is evident that 
the cause of this phenomenon is found in a change of the plane of the 
wing, a change in consequence of which the angle of Incidence of the 
Bolar rays, while favorable during the ascent of the wing, is nufavorable 
during the descent. If the animal is turned so that the luminous figure 
is observed inversely, the figure of eight presents, in an inverse position, 
the striking inequality of its two halves, catching the light in a portion 
which was just before without it, and losing it where it had previously 
shone. We further find, in the employment of the graphic method, 
new proofs of the changes of plane in the wings of insects during flight. 
This change of plane is of great importance, for in this rests, as we 
shall see, the immediate cause of the propulsion of the body of the an- 
imal by the application of the motive force. 

Method of coniaet. — Does the extremity of the wing really describe 
this double loop which we perceive, or is this form the result of an opti- 
cal illusion — a play of light T Though such an objection is haiilly 
probable, it is necessary t« refute it. To assure myself more entirely 
of the reality of the displacement of the wing than the optic method 
rendered perceptible, I have introduced, while the wing was in motion, 
the extremity of a little bodkin into the interior of the loops of the fig- 
ure of eight, and I have established that in the interior of these curves 
free spaces really exist, of a funnel shape, in which the bodkin pene- 
trated without encountering the wing, while if I attempted t« touch 
the intersection where the lines cross the wing immediately struck 
against the bodkin, and fight was interrupted. Still greater precision 
can be brought to bear on the appreciation of these motions, and, know- 
ing that the wing describes a double loop, it may also be known in what 
manner it transverses the branches. It is sufiGcient to bring near to 
the wing in motion a leaf of paper blackened on both sides; the wing. 
In parsning its course, strikes against one of the sides of the paper, and 
the trace which it leaves testifies to the manner in which the motion is 
accomplished. 

Graphic method. — ^This method is not applicable to our problem with- 
out important modifications. We have just seen that it is difficult to 
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obtain tracings of any extent, becanse the wing cannot remain long in 
contact with the blackened cylinder, which it leaves and approaches 
saccessively. Under these special conditions it is necessary to have 
resource to an artifice, and since it is impossible to obtain a satisfactory 
trace at a single stroke, we should try to divide the difiSculty and sepa- 
rate tbe operation into several periods. The preceding experiments sim- 
plify the interpretation of the tracings very much, and we can recon- 
atruct the figures which the optic method has indicated from the slender 
elements which they afford. Ihave considered in tbe complete course of 
the wing of an insect, such as is represented in Fig. i, three distinct 
zones, of which I have obtained tbe tracings separately: an inferior 
zone, corresponding to the lower portion of the figure of eight, a median 
zone, and a superior zone corresponding to the middle and upper parts 
of this figure. Bringing together the tracings obtained is these three 
zones I have been able to reconstruct tbe entire curve. In registering 
tbe tracings of the median zone, figures much resembling each other 
are obtained, presenting the two crossed lines shown in Fig. 6. 

Fig. 5. 



Truce of the median conrse of tlie ning of tho ilacrogiotta irnlium, (Bedstraw splij^DX- 
motb.) 

The multiple tracings of the figure are formed by the fringed extrem- 
ity of tbe wiog, which presents many small points. The upper portion 
is in the form of a loop, as well as tbe part which corresponds to tbe 
lower course of the wing, and these three parts successively obtained 
give, when united together, the complete representation of a figure of 
eighty such as is obtained in acoustics in registering by Kcenig's method 
tbe vibrations of a Wheatstone's octave rod ; that iSj a rod wbicb vi- 
brates twice transversely for each longitudinal vibration. Tbe slower 
motion of the cylinder produces the condensation of tbe end of the 
tracing. 

Fig. c. 



Trace of a Wheatatone'a octave cod. 

The experiments can also be varied by obtaining, not tbe tracing of 
the point of the wing, but that of the anterior border of this membrane, 
striking laterally against the cylinder. It is clear that in describing the 
upper loop, this edge will approach tho cylinder, then deviating; in a 
similar manner it will describe the lower loop, so that in its complete 
course it will rub twice against the blackened surface, and leave two 
white traces separated by an interval. This is observed in Fig. 7j 
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Thia figure Bhows from the tracing of the mng of a wasp the upper 
loop and the whole extent of one of the branches of the figure of eight. 
Tlie median portion of this branch is ouiy dotted on account of the 
feeble friction of the wing. We may, therefore, be ]wrniitted to con- 
clude that if the trace of an insect's wing could be obtained entire at 
one operation, the same figure would be presented which we have seen 
described in space by the gilded spot on the wing of the wasp, namely, 
a figure of eight, which our ingenious acoustician, Kcenig, was the first 
to obtain with a spiral Wheatstone's rod, making two horizontal to one 
vertical oscillation. 

It now appears to me sufficiently estabUshed that in tbe more ex- 
tended motions of flight the wings of insects describe a figure of eight 
in space. Furthermore, that the luminous figure which a speck of gold 
on a ning presents in its motions has shown us that the periods ot 
accent and descent of the wing are accomjianied by a cbrtngc of plane 
in that organ. It is this fact which ^ill shortly enable ua to explain tho 
mechanism of flight in insects. 

ni. — Mechanism of the flight of insects— how they peopel 

THEMSELVES. 

The preceding lessons have been devoted to the study of the ftwjueney 
and the form of the strokes of the wings of insects. You have seen 
that the frequency varied in different species, and in passing from the 
butterfly, for example, to the house fly, or the goat, tbe \'ariatious may be 
considerable. The flight of tbe butterfly is slow, the strokes of its wings 
succeed each other at cousiderahlo intervals, propelling it by bounds 
and jerka, and producing an irregular and capricious flight. The gnat 
darts with rapidity straight at its object, emitting along its path a clear, 
sharp, strident sound. Between these two extremea wo find all inter- 
mediate stagea. Furthermore, the same insect, under different condi- 
tions, varies tho rapidity of its motions within extensive limits; when 
free from all restraint its movements are rapid and precipitous, but 
when captured tliey are immediately relaxed, and although the fre- 
quency of the movements of tbe wing varies, the form of the motion 
does not change. It is in all cases the same, alwaya a double loop, a 
figure of eight. Whether this figure be more or less apparent, wliether 
its branches be more or less equal, matters little ; it exists, and an 
attentive examination does not fail to reveal it. . 

Before drawing from this fact the conclusions which it warrants; before 
extracting from it the solution of the problem with which we are occu- 

gied — that is to say, tho mechanism of flight — let us rapidly review the 
istory of the question, and see how far previous authors have advanced 
in its solution. Without going further back, we find iu the work ot 
Borelli a chapter devoted to this subject, in which be considers tbe force 
which tbe bird or insect must employ to sustain or move itselfon^oa^^ 
16 s " ' o 
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He estimates that this force is enormous; that it is, in the case of the bird, 
more than teu thoiisundtimesgrcaterthanthcweightof itsbotly. Westilf 
find this oxaggeratioD in recent works. The academician Navier, falls 
into ail analogous error, and after him M. Babiuet accords, in his torn, 
a power to the inhabitants of the air far superior to that with which 
they are gifted by nature. However, by the side of these errors we find 
a great number of correct ideas, since confirmed by observation. BurclU 
knew that the principal motion of the wings was an elevation and depres- 
sion, executed in a. vertical plane, and he ashed himself how it was pos- 
sible that this motion, which, it seemed to him, could only serve to ele- 
vate the animal or todepress it, should nevertheless coutribute to on trard 
motion. For this, it was necessary that the vertical ^force should be 
chauged into a horizontal force. Examples of this transformation are 
frequent. If a wind blowing horizontally strikes against a fiat board 
inclined forward at an angle of, say, forty-five degrees with the horizon, 
the action of the wind will tend M throw it backward and upwardj or, 
If the board is moving forward with a momentum, it will tend to elevate 
it We have here an illustration of a well-known principle of mechanics 
— the resolution of a single force by an inclined plane into two forces — 
which gives in part an explanation of the fiight of insects and of water 
birds. But insects have four wings instead of two. Is the ofEice of these 
four organs the same ; and if not, in what do they differl BorcUi does 
not treat of this question. It it discussed, however, in a particular 
case, by an anonymous author, who has left us an interesting manu- 
script on the habits of bees. This work, intended to complete and to 
correct the work of E^janmur, came from the Condamine Library, and 
belongs to M. Hornet. The author has observed bees at the moment 
when they bum at the mouth of the hive, trying to enter it and deposit 
their treasure. In examiiiiag the play of light on their trembling wings, 
be thinks that be saw the upper pair aloue alternately raised and 
depressed, while the lower pair vrere animated only with a feeble hori- 
zontal motion. Here the question seems to have been abandoned, 
although the interest with which it is now regarded is far from incon- 
siderable. Beside the interest which it offers from the purely scientific 
point of view, in the mechanism of a function as widely employed as 
aerial locomotion, still another interest is attached to this study. The 
insect and the bird realize one of the oldest and most nnsuccessful aspi- 
rationsof the ambition of man. All space belougsto them; theygoand 
come in the aerial ocean, while he is chained by his weight to the earth. 
Man has sought by various methods to escape from this confinement. 
The knowledge of the processes by which nature attains the end to 
which he aspires, would perhaps havesparcdhim many fruitless attempts 
and loss of much time and great waste of iuventiou. In IS23 a work 
appeared in which this question of aerial locomotion is treated expro/essOf 
nnd no longer in an incidental manner. The author, the Chevalier de 
Chabrier, studied the conditions of mobility of the wing, and arrived at 
tiie solution of an important question : how muscular action is trans- 
mitted to this movable organ. Is it directly, or by some intervention 1 
The muscle, responds Chabrier, is not directly attached to the wing; it 
acts ui>on the arch of the back. When it contracts, the curvature of this 
arch is augmented; when It relaxes, the back returns to its original 
curve, like an unbent bow. In the motion of the wing, therefore, there 
is only one active period, tbe moment of depression; the period of ele- 
vation is passive. Elasticity, therefore, plays an important part in this 
function. Here, as in all mechanical organs, it absorbs and then gives 
oat power; it regulates speed and produces continuity of motion. 
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But Cbabrier iras soon carried away by an exaggeration similar to 
that of Borelli and of Navier, tbounfh in a contrarj- direction. Accord- 
ing to bim, an insect needed an insignificant tbrce for its propulsion iu 
space. So effort was necessary to sustain it in the atmospliere; tlie ani- 
mal floated tbere like an inflated balloon. In onler to fly, it filled its 
multitude of respiratory canals with air, and this, becoming beated, raised 
the animal as it elevates a hot-air bailooo. It is not necessary to say 
that this conception of an aerostatic insect is an error. Without doubt 
au insect, before attempting a flight, lays in a quantity of air by a sud- 
den respiration, but this provision of air contributes only an insiguifl- 
cant part toward the end which Chabricr assigned it. 

The greater portion serves to prepare the organs of flight for the opera- 
tion of their function. Jurine, of Geneva, in particular has shown that 
the nervures of the wing membranes aresmall tubes, which only acquire 
the rigidity and extension necBssary to flight by inflation with air. We 
must refer to another contemporary, Strauss JJnrckeim, to find the ele- 
ments of the theory to which my observations have conducted me. In 
his book on the Theology of Nature, a vast chaos of ingenious ideas, in 
which some profound, among mauypHerile,tbonghtsare to be found, there 
are many facts essential to the solution of our problem. Stranss 
Durckeim has conceived the ideal type of the insect-ning, the diagram- 
matic wing ; that is to say, has reduced the organ to its essential parts. 
It consists of a rigid nervation or frame-work in firont, a flexible web 
behind; this is all the apparatus. Au apparatus thus constituted pos- 
sesses the essential requisites for flight; otherwise constituted it will not 
serve this purpose, as is the case with the false-wing of the Pkryganida:, 
which has its principal nervation behind. It is enough that such a 
structure should be made to rise and fall successively ; the forward 
border being ridged and the other flexible, it naturally disposes itself in 
an inclined position, receiving the reaction of the air obliquely, and 
thus transforms a part of the vertical impulse into a horizontal ibree. 
The two parts of the wing above mentioned are both indispensable in 
the same degree their respective offices complement each other in pro- 
ducing a single result. Ingenious experiments, due to M. Girard, throw 
light upon these facts. Destroy the anterior nervation, without remov- 
ing the thin membrane, and the insect cannot fly ; destroy the flexibility 
of the membrane by covering it with gum, and flight also becomes im- 
IK>ssible. Here we cannot urge the objection that the snperincumbent 
matter interferes by its weight like a burden which weighs down tlie 
animal; for, following out the experiment, wo see that as soon as the 
coating becomes dry, small Assures are produced, flexibility reappears, 
and with it tbe possibility of flight returns. ■ These observations assist 
us in comprehending the part which the anterior iwrtion of the wings 
of the PhryganidcB play ; which constitute the analogue of the stiff 
nervnre, while the hinder wings represent the flexible membrane. The 
two wings of an insect thus complement each other. 

I shall not further prolong this retrospej^t. I have limited it to the 
essential ideas entertained by our predecessors, and to those which will 
Berve us in tbe future. The preceding experiments, joined to those 
which you have seen performeil under your own eyes, seem to me to 
establish the following facts, namely: The' motions esecute<l by an 
insect during flight are limited to au elevation and a depression of the 
wings. It is true that other motions take place in the wings of insects. 
They are seen to move backward, and in repose to extend parallel to 
the axis of the body. Wo also see insects moving their wings backward 
and forward in preparation for flight. But these motions are not directly 
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connected with aerial locomotion. The dragon-fly, {Libellula,) wliieli pro- 
pels itself 80 rapidly, exiiibits none of these lateral movements; its wings 
move exclusively in a vertical plaue, as if they turned on a hinge. Uut 
we have seen, iu the optic method, that the course of the wiug in 
space can be Ibllowed by gilding its extremity, and placing it in a ray 
of sunlight. Now this arrangement furnishes us with a figure of eight, 
and we further know that during each complete vibration the wing 
changes its inclination twice. These movements are not controlled di- 
rectly by tlie muscles. Tliey are the mechanical effects of the resistance 
of the nir acting alternately on the upper and lower surfaces of the 
wing in its alternate movements. When the wing leaves the upi>er 
limit of its position, it inclines neither to one side nor to the other, its 
l>lane being parallel to the length of the animal. But when the impiitse 
of the air is exercised, or as soon as the wing begins to be <lepreBsed, 
the rigid portion, the anterior nervation resists Hesure, while the flex- 
ible membrane which follows it gives way ; drawn down by the nerva- 
tion which lowers it, elevated by the air wliich uplifts it, this membrane 
takes an intermediate position 5 it inclines about 45°, more or less, acconl- 
ing to circumstances. The wing continues its downward motion thus 
inclined toward the horizon. Thus the reaction of the airj which com- 
bines its effect and acts peri>endicularly ujwn the surface which it strikes, 
can bo decomposediuto two forces, a vertical and a horizontal force j one 
serving to elevate, and the second to propel the animal. Alter this 
first period the wing membrane will have arrived at the end of its 
course; the direction of its motion is changed, its action is reversed, 
A moment of repose, infinitely short, separates these two phases, during 
which the wing resumes Its normal position parallel to the axis of the 
body. The nervnre draws it up again, the air resists as before, and 
from this conflict results a position between the horizontal and the ver- 
tical — an inclination of 45°. This second period contributes as did tlie 
first, to locomotion. How remarkable is the simplicity of apparatus by 
which the desired end is attained I 

The horizontal force which is generated by the inclination of the idaoe 
of the wing is transmitted to the body of the animal and helps to push 
it forward. But as the body of the insect does not instantaneously take 
np the motion which is imparted to it, a part of this force is csjteDded 
in curving the nervnre of the wing which, at the same time that it is 
lowered, is pushed forward. Hero is an artificial wing of large size con- 
structed in accordance with the type which we have descril^d ; an an- ' 
terior nervation represented by a stiff rod, with a membrane behind 
formed of paper pasted upon its edge. Try to strike down an object 
immediately before you, and you will not succeed. If you strike at aa 
object before you with a downward blow the wing will be resisted by the 
air, and it will deviate greatly from the point at which you are aim- 
ing. From this deviating motion of the wing Irom the change of plane 
which it efl'ects^ the looped figure which it describes evidently results. 
It is the combination of these motions which generates the figure of 
eight previously described. We can now safely say that the two exiwr- 
imcntal facts are now interpreted by our theory. 

A very slight differcnee has been observed between the two sides of 
the wing in certain insects; the lower surface is less polished than the 
upper; it isfurnished with rugosities, hairs, orpoints, which, according to 
Chabrier^ give more hold on the air and reduce the loss offeree by slid- 
ing. This disposition may contribute to insure the predominance of the 
useful effect of the lowering over the elevating motion. Furthermore, 
this predominaDce of the depressing 'action of the wing does not exist 
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in all insects. These find that force as well in the period of elevntioD of 
the wing as in the period of its depression, turning almost horizontally 
the plane in which their wings move. The nnmerons varieties which 
the mechanism of dight presents among the species of insects which ve 
have obseired will be studied later; they do not condlct with the funda- 
mental principles which I have just announced. 

Themechanicalconditionswhich we have just passed in review I have 
realized io a theoretical apparatus, from which I have obtained the same 
restdts as afforded by living insects. This artificial insect is represented 
by Fig. 8. 
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An nir-pum|i, moved by a rotary ftpparatiis, alternately comppessea 
and relaxes tlio air in a tube wiiich traverses the central pivot of the 
apparatus, n'bere a sort of mercurial gasometer Iieraietically seals it 
Tchile permitting tlie five rotatioL of the arms. The horizontal branch 
is bollow, and conducts the air into the apparatus, which is closed by a 
hollow metallic drum, of which the two circular iaces are closed by two 
sheets of mbber. By the play of the air-pump these two sheets are 
inflated or contracted both together. They communicate the rapid mo- 
tions of elevation or depression to the wings by two angular levers. 
The wings, presenting, like those of an insect, conditions of uiiefjual 
Hexibility, decompose the resistance of the air, and impart to the appara- 
tus a rapid rotary motion around the central pivot. 

Imagine two artificial \viugs, as nearly alike as possible, both inserted 
■on one of these little drums, which I have frequently described. They 
receive through this drum absolutely synchronous motions of eleva- 
tion and depression. This apparatus is fixed at the exti-emity of au arm 
balanced by a counterpoise, and turning upon a pivot. This arm is 
hollow, furnishing a canal by which the effect of inHatioo can be trans- 
mitted to the movable drum of the wings. We may consider the drum 
as representing the body of the insect, and nothing prevents us from 
really giving it the shai)e of this animal. The rigid nervures, furnished 
with flexible membranes disposed to the right and left, will be the two 
wings, and the animal, instead of being free, will be Jixed at the extrem- 
ity of a movable rod ; there is, therefore, only a single motion possible, 
which is that of turning around the pivot, carrying the attached rod with 
it. In efiect, if I put the air-pump in motion, the artificial insect moves, 
flaps its wings, and really flics. At each stroke there is a change of 
plane of the alar meinbraue; at each stroke the point of the wing de- 
scribes a figure of eight; and in a general way this theoretical animal, 
this artificial insect, reproduces all the parti<;ulars which the observation 
of real insects has revealed to us. 

This apparatus afibrds many other advantages besides those of veri- 
fying theoretic iileas. It enables us to make new experiments, to which 
living beings will not lend themselves. We can change one of the cou- 
ditions, for example the form of the wings, their extent or the rapidity 
of the stroke, or any other of the circumstances, while all the others 
remain constant; we may thus discover the influence which each of tbeui 
singly may have on the mechanism of flight. It is by such experiments 
that we can assure ourselves of the following fact, in the course tra- 
versed by the wing there is only one region useful in the propulsion 
of the insect; that is the median region. In the two extreme portions 
the wing has not experienced that change of plane which renders its 
action effective. Thus we see if we diminish the extent of the motions 
of the wing, the tractile power produced by the apparatus diminishes 
^considerably, and finally ceases altogether. If the membrane of the 
wing is too broad, another phenomeuou results. The hinder edge of the 
wing remains almost immovable in space, esjiecially during motions of 
small amplitude ; the ncrvurc only is animated with rapid motion. The 
air, therefore, is struck by planes inclined inversely to those which act. 
upon it in normal flight, so that the apparatus retrogrades and turns 
around its pivot in a direction contrary to its usual motion. 

Experimental flight also shows the adaptation of certain forms of 
wings to obtain the most rapid translation of motive force. These are 
]trecisely the forms which we find in nature. The ner\-uro of insects 
does not carry the wing membrane back to its jKiint of insertion. Those 
parts near the articulation have little vitality ; they contribute very little 
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toward a useful reanU, embarrassiug the neighboring piirta, without com- 
pensation of any kind. The memhrane should not exist except when 
Titality itself exists in a corresiwtuUng degree. Finally, the extent which 
the alar membrane should have, to best utilize the dtsi>osablc force, can 
be determined experimentally. JI, de Lucy has coraimred, in the case 
of a certain number of animnis, the surfaces of the wings to the total 
weight of the body. He finds an extent of 30 sqiiare millimeters hi a 
gnat weighing 3 milligrams: 1,683 square millimeters in a buttei-fly 
weighing twenty centigrams; 75U stjunre centimeters in a pigeon weigh- 
ing 290 grams; 4,506 square ceutimetersinastorkweighing2,2(i5 grains; 
8,543 square centimeters in an Anstraliau crane, weighing 0,500 grams. 
But to facilitate the comparison it is necessary to reduce these figures 
to a common measure; and, in spite of the barbarous phrases to which 
they lead us, we obtain : 

S<|nar<.n.elc«. 

The kilogram of the gnat represents 10.0 

The kilogram of the butterfly represents 8. 

The kilogram of the pigeon represents 2. 5SC 

The kilogram of the stork represents LOSS 

The kilogram of the Australian crane represents 0. 890 

The extent of the wings, therefore, is not proportionate to the size 
of the animal. A wing being given, a maximum rapidity of stroke cor- 
responds to it. To augment the rapidity of the stroke, in hope of indef- 
initely accelerating the rate of flight, would be illusory; it is poi^sihle 
to accelerate it up to a certain point, but beyond this maximum limit 
additions become useless. Increasing progressively the action of. the 
air-pump, the strokes of the wings are more rapid, and at flrst the rapidity 
of flight will be augmented. Continue the increase, and the rate of flight 
diminishes. The amplitude of the motion also experiences a consider- 
able reduction, so that at the limit the wings appear motionless, or 
animated only by a slight quivering. Passing this extreme limit, the 
ap))aratus retrogrades. A given wing then corresponds to a fixed rate of 
progressive strokes; for, by the effect of inertia, the frequency of the 
strokes is increased only at the expense of their extent, and, when the 
extent diminishe<l, the prop<^IIing force diminishes with it. I leave to 
yourselves the task of explaining these facts, which are the simjile eon- 
sequences of the principles I have previously explained. 1 also leave to 
you the comparison of the mo<]e of progression of insects with the other 
modes which are seen in other animals or in various mechanical contriv- 
ances. You will discover almost everywhere the mechanism of the 
revolution of forces on the principle of the inclinwl plane. Yon will find 
it in tlie motion of the tail of a fish, 'the principal organ of its locomo- 
tion; in the sculling motion of a waterman's oar, and even in the screw 
of a steam propeller. 

IV. Flight of birds. 

By the simple inspection of a bird's wing it is easily seen that its 
mechanism for flight is not the same as tliat of an bisect. Let the 
manner in which the feathers of birds are laid, one over another, be 
observed, and it will be evident that the air rcsiwta the motion of the 
wing only from below, so that in an inverse direction it finds an easy 
passage between the long beards of the feathers, which, in this motion, 
arc no longer pressed together. This well-known arrangement, the 
effect of which Prechlt* has clearly pointiKl out, has led to the belief 
• Untcrauchungou Uber (leu Flug tier Vogd. Bvo. Vienna, ie46t ,1>Oq1c 
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that to sastaia tlie bird against graritation the wing neeils only to 
oscillate in a rertical plane, in consequence of the predominance of the 
resistance of the air acting from below over that acting conversely. 

Before discussing the value of this hypothesis, it is necessary to 
ascertain whether the wing of a bird really oscillates only in a vertical 
plane. We thus find presented to us, as at the beginning of onr studies 
on the fiight of insects, questions which experiment alone can answer. 
The problem nevertheless presents itself here under definite conditions. 
From its much larger body than that of the insect, and from onr better 
knowledge of its anatomical confocmatiou, the bird offers to us the 
means of study and exi>erimeDt of another description. I shall exhibit, 
as far as possible, the nature of the muscular force of the bird, and the 
iudnence which the particular arrangement of its muscles and the form 
of its wings exerts upon flight. The methods of icyography renders 
the analysis of the different forms of motion produced by wings so easy 
tliat it has been of great assistance in these researches. 

Comparative anatomy exhibits the analogue of the anterior limbs of 
mammals iu the bird's wing. Ueduced to its skeleton the wing presents, 
like the human arm, the humerus, the two bones of the fore-umi, and a 
rudimentary band in which the metacarpals and phalanges are to be 
found. Tlie muscles also ofter numerous analogies with those of the 
anterior limbs of man. Among others, some have such an analogy of 
aspect and function that they can be designated by the same names. 
In short, in the case of birds, the muscles which attain the greatest 
development are those which act in extending or flexing the band on 
the forearm, the forearm on the humerus, and, finally, of moving the 
humerus, that is to say, the whole arm upon the articulation of the 
shoulder. 

Among most birds, especially of the large kinds, the wing appears to 
remain always extended during flight. Ho that the extensor muscles of 
the different parts of the wing serve to give that organ the |>osture 
necessary for flight, and to maintain it in that position, while the motive 
work is executed by other and much stronger muscles than the pre- 
ceding, viz, the pectorals. All the anterior portion of the thorax of 
birds is occu))ied by imwerful masses of muscle, and above all by a great 
mnscle which, from its being attached to the sternum, the sides, and 
the humerus, is evidently the analogue of the great pectoral muscle of 
man and other mammalia. Its office is clearly to draw down the wing 
quickly and strongly, and to take sntHcient hold oa the air to sustain as 
well as to move the whole body of the bird. The middle pectoral is 
found below the great pectoral ; without an analogue in other kinds of 
animals, this muscle ser\'es to raise up the wing. Lastly, the small 
pectoral passes externally from the sternum to the humerus ; it is an 
accessory of the great [lectoral. it is well known that the strength of a 
muscle is in proiiortion to its volume, aud as the pectoral muscles of a 
bird are about one-sixth of its total weight, we readily comprehend 
that it is ut>on these [wwcrful organs that the principal duty in the act 
of flight devolves. Borelli endeavored to deduce from the volume of 
these muscles the force which the bird employs in flying, and concluded 
that this equals 10,000 times the weight of the body. L will not stop to 
refute the error of Borelli, which so many others have called in ques- 
tion, while they endeavored to substitute for the figures of the Italiaa 
physiologist estimates which will scarcely be more easy to prove. 
The great discrei>ancy which exists between the different estimates of the 
muscular power of birds shows that the attempts at measurement were 
premature. If we would make a true estimate to-day of the power 
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exerted by birds during flight, it woald be Decessary in tlie first place 
to demand from pliysiological experimentation a)] the facta of the prob- 
lem. The estimate in question presupposes an acqunintaDce with the 
motions of the wings, with their form, their extent, and their rapidity 
at each instant; it also supposes a knowledge of the extent of the 
surface of the wings, their curve, and the angle at which they strike 
the air. This problem, then, will perhaps be the last which we can 
hope to solve; but we can study at present, from other points of view, 
the strength of the muscles of the bird, and estimate some of the char- 
acteristics with which it is manifested. 

A measure of the maximum effort which the muscles of birds can de- 
velop can already be obtained esi>erimentally. This measm-e may indeed 
fail to correspond with the efforts developed in flight, but it may prevent 
as from falling into the exaggeration which would attribute to the mus- 
cles of the bird a force superior to the maximum effort of wbicb they 
are capable. 

Of the static force of the muscles of birds. — In physiology the static force 
developed by a muscle is measured by seeking the maximum weiglit 
which this muscle can raise. This determination has been made by 
Weber,* on the muscles of the frog; by Henke and Knortz,t and since 
by Ko8ter,t on the muscles of man. The maximum weight in these ex- 
periments was alwut one kilogram per square centimeter of muscular 
section, according to Weber; of five to Henke and Kuortz; of seven, ac- 
cording to Koster. If the estimates of Borelli, aud even those of Navier, 
were correct, we ought to find in the muscles of birds a nnich more 
considerable static force. On the contrary, it does not opiwjar to me 
that this force surpasses that of the muscles of the mammalia. I have 
already shown that the weight of one kilogram, placed on the wing of 
a pigeon at the articulation of the arm with the fore-arm, cannot be 
raised by the voluntary efforts of the animal ; also, in certain experi- 
ments in which we hold a bird immovable, an excellent meausof testing 
the weight consists in puttingthe bird on its hack, the wings extended, 
and attaehing to each wing a bag containing a kilogram of shot. 

I wished, however, to have a more precise measure of the strength of 
the pictoral muscles. For this purpose a hoodwinked harrier was 
placed on its back in the position just described. The application of the 
hood plnnges these animals into a sort of trance, during which all sorts 
of operations can be performed on them witlmut tbeir betraying any 
unjtleasant sensation, except by reflex movements. I denuded the great 
pectoral and the humeral region, tied the artery, and disarticulated the 
first joint, removing the remainder of the wing. I then fixed a cord to 
the extremity of the humerus, and at the end of this cord the basin of 
a balance, into which shot was poured. The body of the bird being 
perfectly motionless 1 excited the muscle by inducing interrupted cur- 
rents of electricity, and while artificial tetanus was produced, an assist- 
ant added more shot, until the force of contraction of the muscle was sur- 
mounted. At this moment the weight supported was 2 kilograms, 3S0 
grams. Now, the arm of the lever at the end of which this weight had 
been placed was of the same length as the humerus, that is, about 9 cen- 
timeters, the measurement being the length between the attachment of 
the cord and the center of motion of the humeral articulation. The arm 
to which the power is applied is evidently much shorter, and is more 
difiSenIt to measure. In the first place, the attachment of the great 
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pectoral mnBcle extends abont 3 centimeters in its longest direction. H 
we supposed tlie muscular force applied to tlie middle of tUis line of 
attacLnient, the leverage of tbo power would be about 17 millimeters. 
The weigbt lifted and the muscular exertion, botli multiplied by their 
resi)ective leverage, are equivalent to eacU otlier. It follows that the 
real value of the power of the bird Is^^^; which gives W-GOO for 
the entire force of the great pectoral muscle. Dividing this number by 
9 • *>, 7, which represents the surface of the section of the muscle, we 
obtain for each bundle of muscle of the bird, having one square centi- 
meter of sectional surface, a power of 1,298 grams. 

The small result which I have obtained may be affected with certain 
causes of error. In the first place, I hud not cut the tendon of the 
middle pectoral muscle which elevates the wing. It may therefore be 
objected that, as the electric currents have radiated throughout the 
deeper regions of the thoracic muscles, and have escited the elevator 
muscle of the wing of which the action is nntngouistic to that of the 
great pectoral, that is to say, acting in the same direction as the weight, 
has sensibly diminished the force neeessary to neutralize the power of 
the former musele. It may also be said that the electric agent cannot 
produce as powerful an effort in the muscle as that evoked by the will. 
Admitting that these objt^tions are all well founded, let us double, or 
even quadruple the force which I have assigned to the muscle, and still 
we shall not equal the result that Koster attributes to the 8i)ceific force 
of the muscle of man. Thus, in spite of the want of precision in the 
experiments which I have made, I believe the proofs can be found in 
them that there does not exist in the muscles of birds a notably greater 
power than that found in those of other animals. 

One of the most striking peculiarities of the action of the muscles of 
birds is the extreme rapidity with which in them is evolved torce. Of the 
different kinds of animals of which I have determined the character of 
their muscular action, the birds hare exhibited the most rapid move- 
ments. The curve of motion which a muscle produces can be ri'gisteretl 
by myography, and thus the duration of its contraction and relaxation 
can be estimated. If we make use of electricity or any instantaneous 
motor, on the ncr\'e of a muscle, or on the muscle itself, a motion is 
evoked of which the duration varies acconling to the siwcies of animal 
experimented upon. This motion, which I have called the mutmilar 
thock, to distinguish it from the prolonged contraction which takes place 
under other circumstances, lasts in the muscles of the tortoise a second 
or more^ in man it lasts at least six or eight hnndredths of a second, 
and in birds it endures about four-hundredths of a second. This rapidity 
is an indispensable condition of flight. In fact, the descending wing 
can only obtain sufQcient hold on the air by moving with great speed. 
The resistance of the air to a plane surface pressing ujwn it sensibly 
increases as the square of the velocity with which the plane descends. 
To have powerful muscles would be of no use to the bird if they acted 
slowly ; their force would be wasted for want of resistance, and no 
resutta would be produced. It is otherwise with terrestrial animals 
which run or gallop over the gronnd; they definitely utilize their mus- 
cular force in work by reason of the great resistance which they en- 
counter. Rapid motion is necessary even to fishes ; the water in which 
they exist resists in proportion to the rapidity with wliich it is struck by 
the tail and fins. If the muscniar action is quick in the case of fishes, 
it must be much quicker in that of birds, which move in a much more 
rarefied medium. To explain the production of such rapid motion as 
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tliat exliibitod in tbe motion of birds, it must be admitted that the 
clieaiical action whicli takes place iu the substance of the muscle, and 
which generates heat and motion as in a machine, is produced more 
rapidly in the muscles of birds than iu those of any other class of 
animals. I must be permitted here to insist on tbe consideration of tbe 
molecular phenomena of wbicb tbe muscles are tbe seat, since wa shall 
thus obtain more ligbtuponoursubject. Extending to organized beings 
the principle of the eonservntion of titrccs as well as tlie identity of 
power and beat, modem physiologists admit that a combustion takes 
place in tbe muscles as in the furnace of steam-engines. This combus- 
tion or cbcmical reaction libei-ates the forces which the sei>arate atoms 
contain, and renders tbem evident under two forms, heat and mechanical 
energy, which are in one sense the complements of each other. When- 
ever a muscle contracti^ without raising a weight or otherwise expending 
power, it becomes sensibly heated. If it raises a weight, or otherwise 
expends power, it exhibits less heat, and this loss of heat, if it could be 
measured, would correspond to the mechanical equivalent of the work it 
has performed. It is true that we cannot estimate exactly the beat that 
a living muscle disengages daring contraction, fur the circulation of the 
blood carries off to difierent jutrts of the body more or less of the heat 
generated. All the experiments of B^clard, Heidenbain, Hien, and 
others, tend to prove that the production of heat diaiinisbes in propor- 
tion to tbe increafie of i)Ower expended in work. Tliis is enough to 
authorize tbe application of tbe priucipleof the conservation of forces to 
physiology, a principle, moreover, thoroughly justified by human reason. 
Two methods may be adopted in explaining the production of i>ower 
from tbe ebemical action which takes place in the muscles. Eititer the 
chemical action which we have called combustion liberates force sim- 
ultaneously in tbe two forms of heat and power, or, as in the steam- 
engine, heat is first produced t« be afterward partially converted into 
power. Certain facts render this last hypothesis extremely probable. 
We can detect, in some eases, in a mnscle, the transformation of beat 
into power. The phenomena are manifested iu the following manner : 
When the mnscle of a frog is detached and movements are excited iu it 
by eleetricityj submitting it, meanwhile, to a gradual increase of tem- 
perature, it IS seen that the amplitude of the movements produced 
decrease up to a certain point, and that an instant arrives when the 
muscle will not react at all. Tliis loss of muscular irritability is produced 
st about 33° Centigrade. If tbe muscle is griulually cooled it is seen to 
resume its irritabiltty. What has taken placeT If tbe motions of tbe 
gradually heated muscle be carefully registered side by side with a 
number of shocks, it is seen that the decrease of their amplitude is due 
to tbe fact that the muscle when heated does not returu to its normal 
length after contraction. The minima of the curves are graduaUy in- 
creased, showing that the weight lifted by each shock does not descend 
again com pictely. The power exhibited during the contraction of tbe 
muscle is not entirely expended by the time the incomplete relaxation 
follows, and a certain amount of reserved jjower remains, of wbicb the 
cause seems to be the permeation of the muscle by heat. And when the 
muscle, heated above 33=^, becomes inert, it is because it has obtained 
through tbe action of heat all the contraction of which it is susceptible, 
that is, it has expended all the power of which it is capable. Figure 9 
shows tbe different phases of this phenomenon. 

While the muscle is cooling a contrary result is produced, namely, 
the subtraction of an amount of heat equivalent to an amoant of power 
expended, that is to say, a relaxation of the muscle and a descent of the 
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veigbt vhich it had raised. India-rubber possesses properties very 
analogous tfl those of muscular tissue, in re^rd to tiie trausfonnation 
of heat into power. Take a strip or cord of oou-ralcauized rubber and 
attach to it a weight. It stretches, a negative power is developed, and 

Fig. 9. 



Shoving the effect of heat on muscular contraction. (Thefietire aboold be read from 
right to left.) The flrat trace eauaed by the shock is quite nigh. The eecond is not 
so high, but this ia portly due to the poiut from which the traciog Btorls, bciog mora 
elevated, aa well as tbo horizontal liuo from vhich the mark of the shock extends. 
This duvntlnn of tho point of dcpurtiire proves that the muscto was In u Btat« of con- 
traction from tho influonce of boat. The 8.imi! effect is more and more orideut np to tbo 
fifth tracing, when the mnscio is cooled, and in its return to il.s origiuol length tho 
trocitiga of tbo shocks rCKoiu their normal sizo. 

conformably to the mechanical theory of beat you can perceive a notable 
increase of tcuipemture iu the rubber. CoDversely, submit the nibber 
to an increase of temperature, and it will bo seen to contract and lift tho 
weight. But uudor these conditions the amount of i>ower produced by 
the rnbher is very small. It may, however, be reudere<l greater. About 
two years ago, Dr. Ranvier gave me an account of the following esiwri- 
ment: He stnitched a piece of rubber until it was fifteen or twenty 
times as long a^ before, and thus produced in it a passive state, in 
which it remained elongated even when traction was no longer eserted 
upon it. While in this state, if tbo rubber was touched with a warm 
body, it became considerably thickened at the point of contact by the 
contraction of the part, and returned to its original length and thick- 
ness. Placed iu the hollow of the hand the passive thread twisted like 
a worm, and resumed its normal length and size iu a few moments. 
Part of the phenomena e-x.hibited in the experiment of Dr. Ranvier was 
readily explained. The heat applied to the rubber was transformed 
into iK)wcr by it; but what was the passive state iutowhicli the rubber 
had been brought before the effect above described could have lieen 
produced? In rei>eating the experiment aud considering the facts more 
attentively, I soon pei-ceived that the duration of the traction to which 
percha was submitted played an important part in the production of tho 
passive state. If I stretched tho thread to twenty times its original 
length and instantly relaxed it, it readily returned to its original 
condition ; but if the contraction was prolonged thirty seconds, a minute, 
or longer, the thread left to itself contracted only partially. It became 
partly passive, and unich more completely so when the traction waa 
more prolonged. Kow, the influeuco of the duration of the traction coa 
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be rationally explained, if we recollect that the rubber becomes heatctl 
when stretched. Vi'c may then naturally suppose that the heat which 
appears upon its surface will disappear by uegreea if the traction be 
prolonged ; and if beat is necessary for the contmctiou of the rubber to 
its original dimensions, it will not contract entirely if a proportion of 
the heat diseu gaged in stretching has been dissipated. If this theory, 
be corrcet, it will be easy to rapidly produce a passive condition of the 
rubber by quickly depriving it of its sensible beat. This is precisely 
what takes place. Stretch p. thread of rubber, and plunge it into cold 
water, and it can instantly be taken out in n ])nssive condition, frozen, 
BO to speak, in a state of elongation. Heat it, and it returns to its 
original dimensions with the development of power. I hardly doubt 
that the physicist can obtain iu tlic power thus developed the exact 
equivalent of the heat absorbed. 

We have strayed away from our subject, but we shall return to it with 
enlarged ideas which will enable ns to analyze more completely the ac- 
tion of the muscles. In fact, wo have in the employmentof the percha 
a sort of schema of the muscle. Now you are aware of what assistance 
can be derived from theoretical apparatus in the study of certain phe- 
nomena which are presented with too mnch complexity, in the case 
of Ii>'iiig beings, to be understood readily. The rubber will assist us 
to comprehend tlie manner in which the work of the muscles is per- 
formed in animnls in general, and especially in the birds with which we 
are now occupied. Take two cylinders of rubber of the same dimen- 
sions and weigtit, stret^;h them to ten times their onginal length, and 
cool them in that condition. If we restore to these two cylindrical 
threads the amount of heat which they bad lost, both in contracting 
will perform the same amount of work in n similar manner; that is, 
both will lift the same weight to the Siime height. Next, taking two 
cylinders of the same weight, but of uuequal diameter, one, let us sup- 
pose, being ten times as thick but only one-tenth as long as the other; 
stretch each ten times its normal length and cool it; both will still be 
able to do the same amount of work, but no longer in the same nmnner. 
The short, thick cylinder, for instance, will raise a weight of 100 grams 
a distance of one centimeter. The long, thin cylinder will not support 
so great a weight at all, but if loaded with a weight of 10 grams will 
raise it a distance of 10 centimeters. The measure of a mechanical 
power is obtained by multiplying the weight raised by the height 
through which it is raise<l. This product being the same in the two 
cases, the same amount of power, therefore, has been expended, bnt not 
in the same way. So, in the cylinders of rubber which have beeii 
Btretched in proportion to their length, and from which the same amount 
of heat has been withdrawn, the amount of power produced by the res- 
titution of this heat will be proportioned to the weight of the rubber ; 
the weight lifted to the diameter of the rubber, and the height to which 
the weight will be lifted, to the length of the rubber. All thatweknow 
of the function of muscle tends to prove that the power exhibited 
by it is governed by the same laws. Thus, the amount of contraction 
of muscles depeuds on the length of their fibers, while the maximum 
power which they are capable of exerting is proportional to the diame- 
ter of the bundle of muscular fibers. For example, iu the case of hu- 
man muscles, the short, thick deltoid muscle is capable of but little 
contraction, but exerts great force : the long, thin muscles of the fore- 
arm, on the contrary, cannot develop the same power, but by their oa- 
eeous attachments the extent of their contraction is much greater. If 
vie suppose these two muscles to be of the same weight, they can do an 
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eqnal amount of work, but in the differeut ways which pertain to the 
difference in their structural condition. 

If we study the tbmi of the great pectoral muscle, or that whcih pro- 
duces the downward stroke of the wing in different species of birds, we 
shall sec that this muscle presents much variation iu form. In some 
cases it is long and narrow, in otliers short, and thick. We shall see 
tbat this anatomical difference corresponds to important differences iu 
the character of tlight. It is enough to observe the flight of a duck and 
of a marsh harrier to be struclt with the great difference iu the move- 
ments of the wings of these two birds. The duck elevates and depresses 
its wings very much, describing with each of them an arc of more than 
90°. The extent of these movements in the harrier, oil the contrary, is 
very small ; when it is observed in profile the point of wing is hardly 
seeu to pass below the shadow of its body. This difference in the type 
of dight lias struck some observers with such force that they have divided 
the birds into rowurs and sailors. The flrst are those which strike the air 
with their wings in dying as a boatman strilces the water with bis oar; 
the second class exposing the surfaces of their wings to the wind like the 
sails of a ship, fly in a sort of passive condition, utilizing the currents of 
the air in sustaining and directing themselves. We shall see hereafter 
that there is a reality in this 

distinction ; at present we ^'S- W. 

shall only accept the incon- 
testable fact that certain 
species of birds impart a 
great amplitude to the 
movements of their wiugs, 
while others move them 
only through a very small 
extent. 

I have dissected a wild / 
duck and a harrier to show S 
you the form of the pecto- > 
ral muscles. In the duck 
the great pectoral is qnite 
long, while iu the barrier it 
is very short, but the trans- 
verse section of the muscle 
of the barrier ismuch larger 
than that of the duck. If we 
consider only the relative 
length of the pectoral mus- 
cles we see that it varies, 
as it should do according 
to the theory ; that is, it is 

greater or less, according to „, , . ,,, . , , . *■ ^ u-_i 

tliflftmnlit-ndftnf tlifiinntinn Skeleton of tbowingandaternumofafngate-bird. 
tUO ampliruae OI tue motion i^^ exlreme brovitv of tbo 8t«niatii i8 eoen in pro- 
Which the bird executes in portion totliogreatleDgtboftbewiDg. 
flying. 

But to what does this uneqiml development in the thickness of the 
pectorals correspond t It would appear to correspond to a greater 
muscular exertion in the harrier than in the duck. How can this exer- 
tion be demonstrated T If wo compare the birds which have short and 
thick pectorals with those which have long and thin ones, we see that 
tho surface of the wings is very large in the former, while it is very 
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small m the latter. "We know that tbe resistance of tlie air against n 
surface acting with a certain rapidity is in proportion to the extent of 
Pj jj that surface; other things being 

the same, a greater exertion is re- 
quired to move a large wing than 
oae of less superficial extent. 
Everything goes to show, then, 
that the difference in the form 
of the pectoral muscles in differ- 
ent birds accords with the difter- 
ences presented in the maimer 
in which they perform their re- 
spective work. Two birds of the 
same weight perform the same 
labor in Syiug, and apparently 
should have muscles of the same 
weight f but if themuseuhtr masses 
present the differences in form 
which we have indicated, we see 
that the work is done in different 
ways. The birds with small 
wings increase the small resist- 
ance which these offer to the air 
by moving them thi'ough a largo 
extent of space, while those with 
large wiuga equalize the resist- 
ance by traversing a shorter dis- 
tance with them. 

But, it may be said, nature 
might have attained tiiese differ- 
ent methods of flight by giving 
mnscles of uniform organization 
to all birds. It would have been 
Bufficient to hare given different 
positionB to the point of attach- 
ment of the great i>cctoral to the 
humerus, or, in other words, to 
vary the length of the arm of the 
lever in proportion to that of the 
resistance. Comparative anat- 
omy shows that this is not the 
case. In birds, the great pecto- 
ral is always attached close to 
the articulation of tbe shoulder. 
The absolute distance which sep- 
arates this attachment from the 
center of motion of tbe humerus, 
seems to varj' only in accordance 
with the form of the binl, and 
not according to the relatively 
greater or less extent of the 

■ wings. This last depends princi- 
pally ui>on the length of the fore- 

■ arm and its appendages. It ia 
Skeleton of a flamingo, (aft«r Milne Ed- ^^t necessary to dissect many 

-wnnU.) ThewingisTcrflargeiOiidtliester- DU^S of different kinds to prove 

ETua TW7 Bhort. the constancy of the law which I 
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hare songht to establish with regard (o the relations of the alar surface 
with the length of the great pectora muscle. 

The inspection of theslteleton furnishes the principal elements of this 
verification. Passing through that part of the zoological collection in 
the museum which isdevotcd totheexbihition of the skeletons of binis, 
you will come away convinced of the relation between the extent of the 
wing and the length of the great pectoral ninscle.asshownin the length 
of the sternum. You see by Figs. 10, 11, and 12, how osteology furnishes 
the necessary proofs of this statement. 



Fie. 12. 



In birds the de- 
veloptnent of the 
bones of the wing 
gives ns a suffi- 
ciently correct idea 
of tlie extent of sur- 
face presented by 
these organs when 
covered with feath- 
ers. Compare the 
protligiouslengthof 
the fore-arms in the 
albatrosswith those 
of the dnck, guille- 
mot, or diver; the 
proportion of the 
bones will give at 
the first glance the 
superiority in re- 
gard to flight of the 
albatross in the 
greater extent of its | 
wings. Comparing , 
the sternum of dif 
ferentbirdsyouwill ■ 
find it large, but ■ 
very short, in the ; 
albatross. On the ; 
contrarj-, in the 
duck, the diver, and 
the guillemot, the ' 
sterunm, though narrower, is comparatively very long. The lateral 
channels, which lie on each side of its keel, represent, in one sense, 
a hollow mold of the pectoral muscles. You can thus verify by the 
skeletons of hawks and other rapacious birds, the fact that short, 
thick muscles appertain to large wings ; and by the skeletons of ducks, 
swans, and diving birds, that small wings possess more slender but- 
larger muscles. This brings us to the considerations which I have pre- 
viously brought forward. We now see how we can measure the power 
developed by a fiying bird. It is necessary to know the resistance 
which the air presents to the surface of its wing, and to multiply this 
resistance for each stroke by the distance which it traverses. Still the 
I>roblem is not as simple as one might suppose, after this announcement. 
All tends to the belief that the rapidity with which the wing strikes the 
air is not uniform, and that it has increasing and decreasing phases, to 
which the relative resistance of the air corresponds. To know the exact 
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nature of tlie movements of a bird's mag is the questiou now presented, 
and this will be the object of our next experimeuts. 

Form of the bird. — All those who have studied the Sight of birds have 
called attention, with great propriety, to the tbrin of these animals, 
vhich renders them eminently suited to flight. They have seen in it 
the conditions necessary for perfect stability in the midst of the air. 
They have well understood the office of those great surfaces formed by 
tho wings, which sometimes serve as a parachute to enable the animal 
to descend very slowly, while at others these surlocea glide over the 
air, following the plane of their incliuatiou, and i)ermittiug the bird to 
descend obliquely, or even to rise, or, as we shall see, to advance with 
motionless wings. But many observers have gone so far as to assert 
that some species of birds have an entirely passive flight, and that, sub- 
mitting their wings to the action of the wind, they obtain a force snffi- - 
cient to propel themselves in any direction, even against the wind itself, 
It seems to me imtKirtant to discuss, in a few words, this essential point 
in the theory of flight. 

The stability of the bird has been fully explained; there is nothing to 
add to the remarks which have been madeon this subject. The attach- 
ment of the wings is situated exactly at the most elevated part of the 
thorax of the bird, and consequently wiien the extended wings take 
hold on the air the weight of the body is to be fouud below this surface ot 
suspension. It is known also that in the body itself the lighter organs, 
tho lungs and air sacs, are above, while the denser mass of the intestines 
is situated below. Lastly, the thoracic muscles, so heavy and thick, 
occupy the lowest point of the system, so that the densest portion of the 
body is placed as much below the point of suspension as possible. The 
bird which descends with outstretched wings, therefore, always has its 
ventjal region lowest; it does not need to exert itself in order to preserve 
its equilibrium, bnt takes this attitude passively, as does the parachute 
when let fall through the atmosphere, or as the shuttlecock which falls 
back upon the battledore. But this vertical descent of which I have 
spoken is exceptional; the descending bird is almost always actuated 
by a motion previously obtained, so that it slides obliquely upon the air 
as does alightbody of large superficial extent when placed in the above 
mentioned situation. Mr. J. Plino has carefully studied the different 
kinds of sliding which may occur in this manner, and has even repro- 
duced them by means of a very simple and easily-constructed theoreti- 
cal apparatus. Take a square sheet of paper and fold it midway, so as 
to form a rather obtuse angle, as in Fig. 13; then, with a little wax, 
fix in this angle a small metal rod, fnmished with two balls of the same 
weight, and the result will be an apparatus which will possess stability 
in the air. 

If the center of gravity is exactly in the center of the apparatus, it 
will be seen to fall vertically when dropped into the air, with the edge 
of the angle downward. If the eent«r of gravity is displaced by taking 
away one of the two balls, Instead of falling vertically, it will pursue ao 
obliqae course and slide over the air with an accelerated motion. The 
tr^ectory of the apiiaratus in this case will be described in a vertical 
plane if the two sides of the apparatus are perfectly symmetrical ; if 
this is not the case it will be deflected toward the side of least resists 
ance. This efi'ect, easily comprehended, is identical with that produced 
in the coarse of a ship by the resistance of the rudder. It can also be 
prodaced in a vertical plane, so that the trajectory of the apparatus 
may present a cnrve with a superior or inferior concavity, according to 
the conditions of its projection. lOtWIC 
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All thin curved bodies tend to slide npon tlie air in the direction of 
the radius of their special curve. .If we bend the anterior or posterior 
edge of our little apparatus at a certain point in its oblique course, we 
shall see it rise, notwithstanding the force of gravity, though its motion 
800Q ceases. What has happened in this easel 



Fig. 13. 
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KcprcscDting to tne left Pline'a apparatus pliiced iu eqailibriam by means of two 
eqnat balls at the extiemities of tbe lod wliich lies at the bottom of the aimlo of tho 
bent paper. This, a8 ia indicated b; the lower repre«entatioD8 of tbe rod, &1Ib verti- 
cally- To the right the eame apparatus, with only a eiuglo ball, is repre8ent«d. It 
deaceods in a parabolic carve, rKpcestntcd by tho dotted liuo. 

When there has been but little rapidity in the fall of the object, the 
curve of its surface remains motioulesa, because the air offers resistance 
only in proportion to the rapidity with which they move. Therefore, 
when this rapidity has been sufflcieutly great a steering effect is pro- 
duced, which elevates 



the anterior extremity 
of the object and im. 
parts an ascending 
motiontdit. Butvery 
soon the weight, which 
was the motive power 
of the apparatus, be- 
comes a retarding 
force, and in propor- 
tion aa the object as- 
cends its motion be- 
comes slower, and 
finally ceases. After 
this, retrogradation 
begins, to be followed 
by another rise, and 
BO on, until by suc- 
cessi vooscillationsthe 



Fig. 14. 




Tbe posterior comers of the two planes of tbe apparatus 
have been bent upward and inward, so that after a descend- 
ing carve the appaiataa rises, as tbe dotted Une indicates. 



apparatus finally reaches tho earth. I may add that if a slight con- 
cavity is given to the object below, the reverse takes place, and we see 
at a certain moment the trajectory sharply deflected downward, antl 
the object strikes the earth with great violence. In the second case, 
at the moment when the steering effect is produced, the weight is in a 
favorable iwsition for a precipitate descent, and opposed to the ascend- 
ing reaction. 



PHENOMENA OP FLIGHT IN THE ANIMAL KINGDOM. 



25<) 



I emphasize these effects becanse they are frequently produced in the 
flight of hirds. The old treatises ou falconry describe the interesting 
evolutions of the birds employed in hunting. Without going back 
further, we find in Huber {octavo, published at Geneva iu 1784) a descrip- 
tion of the curvilinear movements of the falcon, to which tliey gave the 
name of j)a««ade8, and which consisted in an obliqae desceut of the bird, 
followed by a rise in its course. "The bird," says Huber. "when aboiic 
to strike the earth, carried away by its own rapidity, would be dashed 
to pieces if it did not call into action a certain faculty which it possesses, 
stronger than its descending motion, to rise even bigh enough to make 
a second swoop. This motion is sufficient, not only to arrest its descent, 
but even to carry it without effort as high as the elevation from which 
it came." 

Fig. 15. Tliere is certainly exaggera- 

, , tion in the statement that the 

\ .' "^ v^/ bird remounts as high as the ele- 
■ vation from which it descended 
without further effort. The re- 
sistance of the air must over- 
come part of the force acquired 
during the desceut, and which 
is transformed into ascending 
force. We see, however, that 
the phenomena above described 
is confirmed by observation, and 
that it has been considered in 
some sort as a passive act in 
which the bird expends no mus- 
cular power. The act of hover- 
have been i^S '" some cases presents a 
;b B parnr great analogy with the phenom- 




Tho posterior comers of the paper 
bent downward. After passinf; throneb i . _ 

boliccurvetheobjeottaJiesaveryTapidileaceiid- euajust described. Whensome 



birds, pigeons for instance, have 
used their wings during a certain distance, the wings are seen to be 
perfectly quiet daring a few seconds gliding through the air, either 
horizontally or rising or falling. The descending motion has the long- 
est duration ; in fact it is only an extremely prolonged descent in which 
motion is maintained by the force of gravity, which diminishes it in the 
horizontal or ascending plane. In these latter forms the wing, more or 
less obliquely directed, takes hold on the air like the toy kite, with this 
difference, that motion is imparted to this by pulling the string when 
the air is calm, white the bird utilizes momentum previously acquired by 
an oblique descent or previous strokes of the wings. 

I have already said that observers have admitted that certain birds, 
which they call sailors, can sustain and direct themselves in the airby 
means of the wind alone. This theoiy appears paradoxical. It is in- 
comprehensible that a bird, motionless in the wind, should not yield to 
the resistance of the air through which it glides. If the passadea or 
swoops which the falcon executes can sometimes carry it against the 
wind, this can only be a transient effect, compensated for by being car- 
ried away by the wind more rapidly in another moment. However, 
this theory has been sustained with great talent by some observers, 
especially the Count d'Estemo, the author of a remarkable memoir 
on the flight of birds. "Every one," he says, "can see some birds 
practicing this method of flight; to deny it is to deny self-evident 
JactB.V I myself have noticed this mode of flying, but it has seemed 
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to me that it is executed in general under the following epedat 
conditions: Aloog the cliffs of the coast of Kormandy I have seen the 
giills and sea-metra petforming their evolutions without moving their 
wings. I have seen the daws and rooks dying in the same manner 
around old cathedrals. But the same birds, when they left these 
special stations, have always appeared to me to use the rowing method 
of flight; that is to say, making regular strokes of their wings, some- 
times interrupted in the daws by swoops of short duration. I then 
sought to determine the direction of the wind, and thisis what seemed to 
me to occur : When a bird finds itself iu the neighborhood of a cliff, 
where the air is calm or agitated by eddies in a contrary direction to 
the prevailing wind, it can pass successively from the calm to the agitated 
air, and conversely. A sea-mew surrendering itself to the force of the 
wind, receives an impulse which carries it with a certain rapidity, and 
if, by simply turning, the bird enters a region of calm air, it can utilize 
the impulse which the wiud has given it in returning to the height 
which it bad left. Plungiugagain iuto the zone of agitated air, it recom- 
mences the evolution which I have just described, without moving its 
wings, escept to give them different iucliuations. The daws and rooks 
appear to me to find the same conditions around the cathedral towers. 
The authors who have reported the most curious cases of saUing flight 
have observed them in mountainous regions. It is a condor in the 
Cordilleras, or an eagle in the Pyrenees. The sailing flight has often 
been described of certaiu birds of prey, who, in the middle of a plain, 
rise and turn without moving their wings. I myself have often seen 
harriers fly iu this mauner, but I have always determined, also, that in 
this case the spiral which tliey describe is altered by the wind, and 
that the birds are definitely carried to leeward with a more or less rapid 
motion. 

Even when reduced to these limits the influence of the wind on the 
flight of birds is very ditBcult to explain. It is complicated by very 
didierent conditions in which tbe motion acquired by the bird, opposed 
from various directions by the force of the wind, gives rise to the most 
varied combinations of motion. It is also known ttiat in the upper 
regions of the air various currents esist^ sometimes even in a contrary 
direction to those which obtain near the surface of the earth, so that the 
bird, passing from one to another, find forces which carry it in opposite 
directions.* 

Finally, the question of sailing flight seems to me one of the most 
difficult to solva It would be temeritous to absolutely condemn thu 
opinion of observers npoa such vague theories and ideas as we possess 
upon tbe subject. 

One of the most interesting points in the conformation of birds con- 
sists in the determination of tbe relations of the extent of tbe alar sur- 
faces to tbe weight of the animal. Is there a constant relation between 
the weight aud these surfaces! This qnestion has been the cause of 
numerous controversies. It has been already shown that if birds of 
very different kinds, yet of the same weight, be compared, the wings of 
some species are found to have four or five times tbe extent of others. 
The birds which have large wings are usually those which have been 
called "sailors," while those which have the wing short and narrow are 
generally classed as "rowers.' But if we compare two "rowing" birds 
with two "sailing" birds; if, for still closer comparison, we take them 

* Tbe late Mr. Esp; soggeBted that the phenomeiioD of sailiag in the flight of binb 
Udne to upward cnrrenU of sic which take place in worm weather, or beoeath doudi. 
and especiuly np the side of amoantainagaiaB'' —■-''■- •-'-' •vindis bloiring. — J. H. 
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&om the same family, in order that the only differences shall be those of 
form, a somewhat constant relation will be found between the weight of 
the bird and the surface of its wings. Bnt the determination of this 
relation should be based npou certain considerations, which have long 
escaped the attention of naturalists. Mr. de Lucy sought to measure 
the surfaC/e of the wings and the weight of the body in all %iDg 
animals. Now, toestahlishacoinmonanitamouganimalsuf such different 
kinds and forms, he reduced all the measures to an ideal type, of which 
the weight should always be one kilogram. Thus, after having proved 
that the gnat, which weighs ttiree milligrams, possessed wings with a 
surface thirty millimetres square, he concluded, in the types represented 
by the gnat, the kilogram of animal was supported by an alar surface of 
ten square millimeters. By making a comparative table of the measures 
taken from a great number of animals of different kinds and various 
fonns, he arrived at the following figures: 



Species. 


Weight. 


Wing surface. 


Surface per kilogram. 




3 milligrams.. 
20 centigraiDB. 

giGOOiranu.. 


MBq.millimetere.... 

],66JBq. millimeters. 
750 8q. centigrams... 
4,506 Bq. centimeters. 
8, 543 sq. ceutimetera . 


2,586sq.centinielors. 
1.9<)8sq. centimeters. 

899 sq. centimeters. 






sff::;::::::::::::;: 


Anatmlianoraae 



lYom these measurements, in spite of variations in detail, the evi- 
dent result is obtained, that animals uf large size and great weight 
sustain themselves with a much smaller proportional alar surface than 
smaller animals. A similar result already shows that the office of tlie 
wing in flight is not merely passive, for a sail or parachute should al- 
ways have a surface proportioned to the weight which acts upon it; 
considered, on the contrary, from its true point of view, that is to say, 
OS an instrument for striking the air, the wing of the bird should, as 
wo shall see, present a relatively smaller surt'ace in birds of large size 
and great weight. The astonishment exhibited at the result of the de- 
terminations made by Mr. de Lucy disappeared when it was remem- 
bered that there was a geometrical reason why the alar surface could 
not increase in proportion to the weiglit of the bird. In fact, if we 
take two objects of the s4nie shape, two cubes, for example, of which 
one shall be twice as large in diameter as the other, each one of the 
faces of the larger cube will be four times as large as the corresponding 
face of the smaller, while the weight of the greater cube will be eight 
times that of the leaser one. For all similar geometrically solids, the 
linear dimensions having a stated relation to each other, the surfsu'es 
are as the square and the weight as the cube of their similar linenr di- 
mensiona Two birds of similar form, but having, one of them, the 
spread of the wings from tip to tip twice as great as in the other, will 
have respective wing surfaces in the proportion of 1 : 4, and weight as 
1 : 8. M. P. Demond^sir, who applied these principles before me, 
thought that he had found in them a reason for the smaller size of 
birds are capable of flight, while those of a larger kind, such as os- 
triches and cassowarys, do not fly ; he observes that if these birds had 
as large wings as the heron, in proportion to their weight, they could 
not fold them completely, and would drag them as long and embarrass- 
ing appendages. These observations would be correct according to tlie 
theory of "sailing" flight, but in "rowing" flight, the ampUtude of the 
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stroke of tlie wing, iDcreasiog in proportion to the size of tlie bird, mul- 
tiplies the reaiatance wliieh the wing meeta from the air, and the reac- 
tion bears a similar proportion to the weight of the birds themselves. 
Dr. Hareau de Villeneuve, npOD the same principle, has sought to de- 
termine the alar extent which would enable a bat of the same weight 
as a man to fly. He found that each of its wings would be less than 
three meters in length. 

A remarkable work by Hastings" has appeared this year ou the rela- 
tive extent of the wings and the weight of the pectoral muscles in the 
different species of flying vertebrate animals. The author first shows 
that among birds the existence can be established of a certain relation 
between the surface of the wings and the weight of the body. But we 
should be careful to compare only comparable elements ; that is to say, 
the length of the wings, the square roots of the alar surfaces, and the 
cube roots of the weight among different birds. Let I be the length of 
the wing, o its area, and w the weight of the body, we can compare 
among themselves I, Voj \^w. 

Examining different types of bird, Hastings made weights and mea- 
surements, from which the following table is extracted : 



Weigbt. 


Sarface. 


EelatioD between 
tbem. 


». 


a. 


^a ^w ~ Vw. 


665.0 


541 


2.82 


5oa.o 


321 


2.26 


490.0 


i!62 


2.05 


ZT-I-S 


144 


1.84 


197.0 


331 


3.13 


190.0 






170. S 


101 




103.4 




2.14 


88.8 




2.31 


m.i 


85 


2.09 


60.0 


44 


1.C9 


38.2 


75 




14.5 


31 


2.29 


10.1 


25 


2.33 


9.1 


24 


2.34 



LaruB argentatuB 

Anas nyroco 

Fulicaatra 

Nettion crecca 

IiauB ridibuDdaB 

HacheteB pnnnaz 

BbIIub Bqnaticus 

TurdDB pltariB, 

TurdoB menila 

Sturnua vulgaris 

Bombjcilla garrula . , 

Alaiiila arrensis 

Parusni^or 

FriD)(ill»BpiDiiB 

Parus cienileuB 



The weight of the pectoral muscles is, on the contrary, in simple pro- 
portion to the total weight of the binl, and in spite of the differences 
which eorresttond to the different degrees of aptitude to flight with 
which each species is endowed, we perceive that the proportion of the 
weigbt of the pectoral to the totfd weight is about one-sixth in the 
greater number of birds. 

Each animal capable of sustaining itself in the air must develop a 
force proportional to its own weigbt, and should possess an amount of 
muscle proportioned to this weight ; for, as we have seen, if the chemi- 
cal action which takes place in the wings of birds be always of the 
same nature, thia chemical action and the power which it generates will 
be proportionate to the size of the muscular masses. Now, how is it 
that the wings of birds in which the surface varies as the square of the 
linear dimensions suffice to move bodies of which the variation is in 
proportion to the cnbes of these dimensions 1 Here it is necessary to 
* Arcbivea NeSrlaudiuBeB, t. it. 1869. 
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bring in tlie theory of pover; tbat is to say, of reaietaoce multiplied by 
the square of the distance through which it acts in a giveQ time, admit- 
tiog a uniform rate for the downward stroke of the extremity of the 
•wing in two birds to be compared, and which have the proportion of 
1:2 in their linear dimensions. The surface of the wings of the larger 

Fig. 16. 

11 
II 



!l 



III 
IS 

bird will be, as we have already said, four times as great as tbat of 
the smaller one; now, as the resistance of the air against surfaces 
moving at the same rate is proportionate to their extent, if we call the 
msietance experienced by the wing of the small bird r, tbat for the 
large bird will be 4 r. But these birds, in the downward stroke of their 
vings, do not execute motions of equal amplitude. In the large bird, 
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each point of the wing will travel twice as far as the similar part of the 
smailer bird. It we call the space traversed g, the resistance r, which 
the wing of the small bird encounters, we shall have rg for the work 
done by the wing, and 4 r 2 j? or 8 ry for the work done by the bird. 
We see, then, that this work increases iu the same proportion as die 
weight of the animals we are comparing. 

Another conclusion results from the preceding considerations. If we 
admit that the wiug possesses the same velocity in both birds, the dara- 
tion of the stroke will increase with the space traversed by the wing ; 
that is, it will be proportioned to the linear dimensions of the bi^ 
Observation confirms this view by showing that large birds make fewer 
strokes than small ones do. We have not yet been able to determine 
exactly the number of strokes of the wings of birds to ascertain if their 
frequency presents an exact inverse ratio to the size of the animal, but 
it is easy to see that it is iu this manner that the frequency of the wing- 
strokes of birds varies. 

The graphic method, which is easily employed in determining the 
frequency of the wmg strokes of insects, cannot be similarly employed 
with birds. It is necessary to adopt some method of transmitting 
signals from the flying bird to the registering apparatus. For this pur- 
pose, I have lirsti used the electric telegraph, which furnishes the means 
of solving the following questions: 1. What is the frequency of the 
strokes of the wings of a birdt 2. What are the relative durations of 
the periods of elevation and depression of the wings T The experiment 
consists in placing at the extremity of the wing an apparatus which 
breaks or closes an electric circuit at each of the alternate motions, 
while at the further part of the circuit is placed an electro-magnetic 
apparatos, which makes a trace upon a turning cylinder. Fig. 16 
shows this method of studying the flight of a pigeon, together with 
uiother method of transmittiug signals. Iu this ligure the two wires 
are separated from each other. 

The writing style traces a crenulated line of which the changes of 
direction correspond to a change in the direction of the motion of the 
wing. 

In order that the flight may be as free as possible, a fine, flexible eonl, 
containing two wires, establishes the communication between the bird 
and the writing telegraph. The two ends of the two wires are attached 
to a very small, light apparatus which, from the resistance of the air, 
executes a kind of valvular motion. When the wing ia elevated the 
valve opens, the circuit is broken, and the line traced by the telegraph 
rises. When the wing descends the valve closes; the circuit is also 
closed, and the line is depressed. 

Applied to different kinds of birds, this apparatus registers the fre- 
quency of the strokes of the wing in each. The namber of species 
which I have as yet been able to study is very small ; I have, however, 
obtained the following results: 

Xumber of vibrationt of th£ vnn§ per second. 

Sparrow 13 

Wild duck 9 

Pigeon 8 

Hen-hawk, Buteo vulgaris, a faawk called ill England and France the 

" buzzard " or " hwarcP' 55 

Screech-owl , 5 

Harrier, Circus ntfus, marsh harrier of England, huae of France 3 
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The freqaency of the strokes varies according as the bird is staiting, 
is iQ fall motion, or at the end of its flight. Some hirds, as we know, 
have periods vbeu the wing is motionless, and when tbey move by 
means of the momentam acqaired. 

It is interesting to observe the relative duration of the periods of 
ascent and descent of the wings. Contrary to the opinion expressed by 
some observers, the descending period is generally longer than that of 
elevation. Tbe inequality of the two periods is especially evident in 
birds which bave large wings and make few strokes. Thus, while the 
periods are almost equal in the duck, which has very nmrow wings, they 
are nnequai in the pigeon, and mnch more so in the harrier. 

The following figures exhibit the results obtained from several species 
of birds: 



Speoiea. 


Total diBtance traveraod dnringooa com- 
plete osciU&tion of tbe ning. 


Proportional dia- 
taiioe. 




Asoeat.' 


DoBcent. 






3,0 
3.0 
&5 























It ia more difficult than might be supposed to determine tbe precise 
instant of the change of direction in the line traced by the telegraph. 
The attraction of the magnet and the relaxation have an appreciable 
duration, if the blackened cylinder tnrna with sufficient velocity to 
me.asure the rapid motions which we seek to analyze. The inflections 
of the line traced by the telegraph then become carves, of which it is 
somewhat difficult to determine the precise origin. There ia therefore 
a limit to the precision of the measurements which can be made by the 
electric method. I think that we cannot approximate by this method 
nearer than ^011 ot a second to the duration of a motion. 

Another kind of signal allows the estimation of the frequency of tbe 
stroke at the same time that it fumishea indications of the successive 
action of the principal motive muscles of tbe wing. 

Myographie method. — In 1807 I indicated a myographic method which 
might be applied without mutilating the animal upon which the exi)eri- 
ment was performed. It consists in employing the swelling of a muscle 
to afford evidence of its cbangea in length — that is to say, by its con- 
traction or relaxation. Muscles, not being sensibly compressible, cannot 
change their length without at the same time changing their transverse 
diameter, A rapid or short, feeble or energetic contraction of a muscle, 
hence, is accompanied by an increase in diameter, afTording tbe same 
features of rate or intensity. At each descent of the bird's wing the 
great pectoral muscle thus exhibits an increase of size, which can be 
indicated by the registering apparatus. 

I bave made use of flexible air tubes of India-rubber in transmitting 
these effects, a method which has enabled me at times to register at 
some distance the beating of the heart, the pulse, and tbe motions of 
respiration. 

The bird flies in an inclosnre fifteen meters square and eight meters 
high. The registering apparatus being placed in the center of this 
enclosnre, twelve meters of rubber tubing are enough to establish a con- 
stant communication between it and tbe bird. A sort of corset is applied 
toapigeon,(see Fig. 10.) Under this corset, between it and the pectoral 
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muscle, is plac«d a litUe contrivance intended to exhibit the swelling of 
the muscle. It coaaisls of a small, shallow metal basin containing a 
spiral spring aiid is closed over by a tliin eheet of robber. This bann, 
thus closed, commauicates with the transmitting tube. 

Any presaore applied to the p^g_ 17_ 
face of the apparatus depresses „ ...^ mz^s -^f ^ 
the rubber. The air is forced ^eW^^"'- — ^~^^*'*''^^ 
out of the basin and escapes by r^ "^ - 
the tube. If the pressure ceases, 
the air reenters the basin in con- 
sequence of the elasticity of the 
spring which raises the rubber. 
An alternate inspiration and as- 
piration is by this means estab- 
lished in the tube, and the mo- ^. .. . ,^ _, , . ^. „., 

, ., . , ' .■■■!_ the thoracic mnwio* Of birdi. Toe upper eon- 
tiOB Of the air transmits to the ^^ f»o« Ib formed of a sheet of rabC^held 
registering apparatus a signal of npbrAspiral spring, luid is applied tu the maa- 
the more or less intense pressure cl©"- Th* lower face, in contact with the cor- 

■which has been exerted upon the "'• ^f;. wnH"hiM"fh^-*^i^r™!n^ are cMsht in 

. . r j-t. <- ■ rt\L. the clotu una hold the appamtns in its place. 

rubber cover of the basin. The ^^ ^ 

registering apparatus I have used in all my experiments is also com- 
posed of a basin, covered by a rubber membrane commnnicating with 
the transmitting tube. The motion imparted to the first basin ia 
transmitted by the air to the rubber cover of the second. The motions 
of the membrane of the receiving apparatus, amplified by a lever, are 
written on the smoked cylinder. Figure Itt represents the general 
arrangement of the experiment iu which the electric telegraph and trans- 
mission by air are exhibited together. We see the pigeon under ex- 
periment furnished with its corset and apparatus for showing the move- 
ments of its pectoral muscles. The transmitting air-tube ends at the 
registering apparatus, which writes on a revolving cylinder. At the 
extremity of the pigeon's wing is an arrangement which opens or doses 
an electric circuit as the wing rises or falls. The two wires of the cir- 
cuit are represented separately, and two cells of Buosen's batt«ry are 
seen in their connection, with the helix, which, furnished with a lever, 
registers the telegraphic signals of the motions of the wings. One pre- 
caution is indispensable — the rubber tube which connects the bird and the 
apparatus most be prevented from stretching. When the bird dies it 
raises more or less of the tube, and if this is elastic it wilt become elon- 
gated by its own weight, producing a rarefaction of the air contained 
in the two receptacles, and the registering lever will trace muscular 
curves on » decending liue. To prevent this inconvenience, the tube 
may be tied here and there to the telegraphic cord by means of ligatures, 
talung care that the tube is a little longer than the cord, and that 
it is not subjected to traction. These precautions being taken, nothing 
prevents the successful transmission of signals. Vo trouble need be 
taken in regard to the elasticity of the tube in a transverse direction; 
its walls are so thick that their elasticity is not brought into play by the 
feeble changes of pressure to which the air they contain is fiubject«d. 

The bird is let loose at one end of the inclosure, the dove-cote in which 
it is ordinarily kept being placed at the opposite end. The bird 
naturally flies toward the latter. During its flight the tracings repre- 
sented by Fig, 18 are obtained. 

The trace is seen to differ according to the kind of bird experimented 
Dpon. However, in all the traces we perceive the periodic^ return of 
two motions, a and b, which are produced in each vibration of the wing. 
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Fig. IS. M.vogrnphic tracinn of tha p«cl«rala, obtained from Tuioas klnda of bird* 
daring Biftht. I. Traciog of the tuning-fork to b« used in lunMuring the Kbaolut« 
duration of eswh mnsoular motion ; this tuoing-furk Tibrateg SDO titnes a second. II. 
Tracing of the muscles nf n pigeon obtained, ils iu Pig. 16. III. Tracing of a wild 
dack. IV, Tracingof a hen-hawk. V. Tracing of a harrier. 

Fig. 19' IJin^ <■ represeuta the electric tracing of the aacent and descent of the wing 
of a barrier, aa furnished b^ the apparatus. Line t ia a tracing of a tnoing-fork vibrat- 
ing 300 timea a second. Line o, correction of the electric tracing, wbicb latter doea not 
represent the changes with sufficient abruptness in the £gnre (a) obtained directly from 
the wing. Line d, tracing of the action of the pectoral muscles in the harrier by the air 
— . — _, — 'd of elevation of the winfj; b', period of depreaaion. Line e will 
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"What is the sigDificatinn of these two mnscolar actions Y It is readily 
seen that the undulation aoorresponcls to the action of the mascle which 
elevates the wing, and b to that of the muscle which depresses it. 
This can readily be proved by comparing the trace of the mnscolar 
action in the electric trace of the elevation and depression of the 
wing. These two tracings, placed one under the other, show that- 
the period of elevation of the wing agrees with the extent of the 
undulation a, and the period of depression with the undulation b. . 

But to establish this agreement we must take the unequal rapidity of 
the transmission of the electric and aerial signals into account. We 
may consider the electric transmission as instantaneous, while the aerial 
transmission is at the same rate as the rapidity of sound through the 
air, that is, 334 metres per second. If the points of the two styles are 
placed vertically one above another, the tracings wilt not be exactly 
superposed, but the electric signal will precede the other by a distance 
corresponding to a certain fraction of a second, according to the length 
of the tube which has been employed. We can even compute, from the 
length of the air-tube, the amount of retardation, but it is more certainly 
ascertained by a special determination for the particular tube which 
may be in use. In a previous experiment, motions were simultaneously 
transmitted by the tube and by electricity, and the discrepancy de- 
termined. In the apparatus which I am using, the constant discrepancy 
is .04 of a second. I should therefore set back the electric signals by 
a correspooding distance, in order that they may agree with the signals 
transmitted by the air-tube. Fig. 19 shows the superposed tracing 
from a harrier after correction. 

It is easy to understand how the undulations a and b are produced in 
all the tracings of the muscles of birds. In fact there exist two distinct 
planes of mascles, in the upper part of the region investigated, near the 
end of the stemnm. The most superficial is formed by the great pec- 
toral which lowers the wing, the deeper by the median pectoral or eleva- 
tor of the wing, the tendon of which passes behind the bifurcation of 
the sternum to attach itself to the head of the humerus. The two sup- 
perposed muscles act by their swelling upon the apparatus applied to 
them. The median pectoral swells when it contracts, signalizing the 
undulation a by its action ; the great pectoral signalizeH the lowering of 
the wing in the undulation & in a similar manner. 

We can verify the correctness uf this explanation by a very simple 
experiment. Anatomy shows us that the median pectoral is narrow, and 
only covers the inner portion of tlie great pectoral along the keel of the 
sternum. So if we displace the little apparatus which reveals the motion 
of these muscles, and carry it further outward, it will occupy a regioa 
where the median pectoral does not cover the great pectoral, and the 
tracing only presents a simple undnlatiou, which corresponds to & in the 
figures. 

It is, therefore, snfiQciently demonstrated that the undulations a and 
b, in the muscular tracings of the birds upon which I have experimeuted, 
correspond exactly to the principal elevating and depressing muscles of 
the wing ; but we cannot attach mnch importance to the form of these 
tracings for deducing the precise nature of the motion effected by the 
muscle. In fact, these motions appear to override one another. So the 
relaxation of the median pectoral is probably incomplete when the great 
pectoral commences to act. We should expect no more from these tracings 
than they naturally furnish, that is to say, the number of vibrations of 
the wing, the greater or less regularity of its movements, the equality, 
inequality, and energy of each of them. Beatricting the inquiry within 
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these iimitB, the experiments show that the strokes of the wings of birds 
difTer in frequency and amplitude in the different moments of flight 
At starting the strokes are fewer but more energetic; they attain, irfter 
the first two or three, a regular rhythm, which they lose at the moment 
wh en the animal is about to alight. 

We shall find in other experiments more 
complete indications of the variation of the 
movements of the wing during the different 
periods of flight. 

Such are the certain indications which can be 
derived from the method of signalizing estab- 
lished between the flying bird and the regis- 
tering apparatus. But if it is wise to guard 
our conclusions by more rigorous experiments, 
it may at least be permitted us to attempt 
to discover whether the traciogs of these mos- 
cles cannot furnish us with further informa- 
tion in regard to the motions from which they 
are derived. I have elsewhere demonstrated 
that the form of the motion produced by a 
muscle when it is excited varies according to 
the resistance which this motion encounters. 
Thus, in applying the myograph to the muscle 
of a frog, I have seen that if contraction be 
impeded by an obstacle the duration of the 
muscular shock becomes greater on account of 
that obstacle. Theory, also, would foretell us, 
that if the muscle presents certain modifica- 
tions in the different phases of its contraction, 
the result of unequal resistance overcome at 
different periods, the swelling of the muscle 
should also present the same phases. If the 
tracing is the exact impression of the motions 
produced by the muscle, it can inform us of 
the nature of the resistance which the wing of 
the bird encounters in the different phases of 
one of its vibrations. 
Let us take the most simple example. As 
I * a a the median pectoral and great pectoral are very 
)H "^1 unequal in size, we may suppose that if the 
^^ M d Instance is equal iu the two periods of ele- 
j c ca ^ vation and depression, the duration of the for- 
^«.f .S mer would much exceed that of the latter; 
.S^'i'g and, as exactly the contrary is the case, we 
I 1 1 may conclude that the rising wing does not 
S J S I, strike the air but cuts it, apparently with its 
s a I edge, so that the resistance to the elevation 
" ^ " is very feeble, and is very strong to the de- 
pression of the wing. Now, if we examine the tracing of the depression 
of the wing we shall find there, within certain limits, the expression of 
the different amount of resistance which the wing encounters in the dif- 
ferent phases of ita depression. It is necessary by previons experiments 
to determine the effect of certain special kinds of resistance, which we 
may call elastic resistance, in order to better understand the significa- 
tion of different forms of muscular motion. 

D,g,L,zeclbyCK>OglC 



Je|| 






270 PHENOMENA OF FLIGHT IN THE ANIMAL KINGDOM. 

Let US take the muscle of a frog, apply it to tbe myrograph, and ex- 
cite coatractioD in it by means of electricity. The form of this con- 
traction varies in the folloTriiig manner, under the influence of different 
liiuds of resistance opposed to tlie action of the muscle : If a weight 
be Biiapeuded to the muscle it gives the tracing a, Fig. 21. If it en- 
counter an absolute obstacle to atl further dlmiuntion of length, after 
a few instants of contraction it gives the trace b. Finally, if it eucoun 
t«r8 an elastic obstacle, as a rubber thread, which presents a surmount 
able resistance, the muscle gives the curve c. It seems as if these dif 
ferent forms were sufficient to characterize tbe nature of the resistance 
that the contraction of the muscle has had to overcome. 

In the first case it is the inertia of a body ; now this body, submitted 
to the muscular force during a limited period, suould have an acceler- 
ated motion at first and then a diminishing motion. This is precisely 
what the form of tbe curve a indicates. In the second case it is not 
necessary to explain how the horizontal line which forms the summit of 
tbe curve b, expresses the cessation of all contraction in the presence of 
an absolute obstacle. Lastly, in the curve c, the preseuce of an obstacle 
is betrayed by a deflection of the curve ; that is, by a change in the 
rapidity of the motion which produces it ; but the contraction does not 
cease because the obstacle is not insurmountable, but it becomes slower 
on account of the greater resistance jiresented. 

I have been able to convince myself that in the above-mentioned 
experiments the swelling of the muscle presents the same phases as its 
change of length. In fact, I have transmitted to the myograph the mo- 
tion produced by the swelling of the muscle, and have obtained tracings 
identical with the preceding. Finally, wishing to know if the appara- 
tus which I have used would faithfully transmit the different phases of 
the swelling of muscle, I made the following experiment : I applied 
the little drum which had served to obtain tho tracings from the 
birds (Fig. 18) to my own biceps muscle, fixing it exactly in place by 
means of a bandage, and put it in communication with the registerifig 
apparatus. I then made sudden voluntary motions, as similar as I could i 
make them to each other, but applied to overcome various forms of re- 
sistance. In one case I lifted a weight; in another my hand was abso- 
lutely arrested in upward motion by being placed beneath a heavy 
table } in still another I tied my baud to a fixed object with a rubber 
baud which, by a short flexure of my fore-arm, required the utmost 
efforts of the muscle to stretch it. 

Kow the tracings Fig. si. 

which express 
swelling of th 
ceps in these 1 
experiments r 
duce the three i 
represented in 
21, and show 
clearly that v 
tary exertions 
been subject* 

different forms of resistance. I tried to force upon the muscles iden- 
tical motions in each case, which was always a short, vigorous fiexnre, 
but the nature of the resistance modified these muscular actions which 
wete intended to be similar to each other, and imparted to them the van- 
uas phases and durations which are exhibited in the figure. This being 
settled, let ns return to the muscular tracing of the great pectoral ot 
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the bird. I have said that tlie exact commencement of this motion is 
tmdetermined, the elevator of the wing not having fallen into repose 
before the depressor commences to act, and if we would represent the 
probable carve of the action of these two muscles from that which the 
myrograph obtains for ns, it will be necessary for us to complete tba 
tracing by means of dotted lines as in Fig. 22. 
Fig. 23. 



Trace of the action of ft harrier during flight : a, action uftbe eleratiaf; moacle; t, of 
the depresaiDg muscle. The dottod lines which descend to the axis of the curve com- 
pleta tlie probable form of the motions of the tiro muscles of the wing. 

Thus reconstmcted, the form of the curves of the elevator and de- 
pressor reveals the nature of the resistance which each of these mus- 
cles has encountered. The curve a of the median pectoral is that of a 
muscle acting on a weight; it seems to indicate that the Inertia of the 
wng is the only obstacle which the elevator muscle has to overcome. 
The curve ft shows ns a deflection, daring part of which the contractioa 
of the mnscle takes a slower motion ; it'is here that the resistance of 
the air is interposed. These things happen, then, exactly as in the 
experiments which I have made apon my own muscles and those of the 
frog. But von may ask why the deflection of the cnrve is not produced 
sooner ; and if the depressor muscle can rapidly contract for a certain 
period before encountering safBcient resistance from the air to impede 
its motion. This is just what happens ; we have the proof of it in the 
anatomical disposition of the attachments of the great pectoral muscle. 
We shall nee hereafter how the motion of the humerus around its articula- 
tion is produced ; at present I will only say that in the first part of its 
action the great pectoral in contracting produces a pivot-like motion of 
the wing upon the head of the humerus, and that in this first motion 
the muscle does not experience the resistance of the air which retards 
ita contraction an instant later. 

The reader will perhaps consider that an inordinate number of de- 
ductions are made from the forms of the curves of the muscles; but 
those who will familiarize themselves with the use of the registering 
apparatus, and in particular with the myograph, will soon be convinced 
that chance does not enter into the formation of the curves, but that the 
details should find their explanation in the dynamic conditions of the 
production of muscular power, 

Motions executed by the wing of a Inrd, during flight. — We have seen, 
in regard to the mechanism of the flight of insects, that the fundamental 
experiment has been that which has shown the trajectory of the point of 
the wing in each of its evolutions. The knowledge of the mechanism of 
flight flows, BO to speak, naturally from this first idea. The same deter- 
mination is equally indispensable for the flight of birds, but the optic 
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metbod is here inapplicable. The motion of a bird's wing, while too 
rapid to be followed by the eye, ia not Bufficiently rapid to form a 
persistent impression of its entire tr^ectory upon the retina. The 
graphic method, which I have hitherto employed, only furnishes 
impressions of motions which happen to follow a straight line, and it is 
only by combining this rectilinear movement with the revolving cylinder 
with a smoked surface that the expression of the rapidity with which 
the motion is effected at each instant is obtained. 

The problem is to find the means of registering on an immovable 
plane all the motions which the point of a bird's wing makes in space, 
as if a style had been placed at the end of the wing, and this style 
traced or rubbed on a piece of paper by its side. It is still further 
necessary to have a figure of the same nature as the luminous figure of 
the gilded wing of an insect, that the piece of paper on which tbe trace 
is to be made shall remain motionless in regard to the center of motion 
of the wing of the flying bird, or in effect that it shall follow tbe bird in 
all its phases of impulsion through space. 

Kow, physics teach us that all motion susceptible of registration in 
one plane can be generated by the rectangular combination of two 
rectilinear motions. The tracings obtained by Koenig by arming a 
vibrating Wheatstone's rod with a style, the Inminous figures of musical 
chords which M. Lissajous has produced by the reflection of a ray of 
light fi'om two vibrating mirrors perpendicular to one aDother, are well 
known examples of the formation of a plane flgure by means of two 
rectilinear movements. Thus, admitting that the motions of elevation 
and depression of the wing cau be transmitted at one time, as well as 
the back and forward motions of this organ, by supposing that a writing 
style can simultaneously receive the impulse of these two motions, per- 
pendicular to each other, this point will write on the cylinder the exact 
flgure of the motions of the bird's wing. I tried at first to construct an 
apparatus which would thus transmit such a motion to a distance and 
register it, without concerning myself with the way iu which I might 
apply this rather weighty mechanism to the bird. 

Fig. 23 represents this provisional apparatus, the description of 
whicti is indispensable for the comprehension of the second mechanism, 
which I shall describe hereafter. Upon two solid feet, carrying vertical 
supports, are seen two horizontal arms parallel to each other. These are 
two aluminium levers which, by the transmitting apparatus to be 
described, should both execute the same motions. Each of these levers 
is mounted on a ball-and-socket joint, or double articulation, which 
permits all kinds of motion ; thus each lever can be carried above, 
below, to the right or to the left. It cau by its point describe the base 
of a cone of which the j6int will be the apex. In fact, it will execute 
any kind of motion which the experimentor may choose to impart to it- 
It is also necessary to esteblish the transmission of motion from one 
lever to the other at a distance of ten or fltteen meters. This is done 
by means of a process with which tbe reader is alrea^ly familiar — the use 
of drums and air tubes. 

The lever, which is seen at the left in the figure, is fastened by a 
metallic arm articulated at one of its extremities to the membrane of a 
drum placed below it. In the vertical motions of the lover tbe mem- 
brane of the drum rises or falls by turns, producing a throbbing motion 
of the air in another dram through a long tube, which establishes a 
communication between them. In the apparatus to the right in the 
ugure, the second drum is placed above the corresponding lever articu- 
lated with it, and faithfully transmits all the motions which have been 
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imparted to the flnt dmm to the left. These movementa will be in the 
same direcUoa in both levers on accoant of the inTerslon of the position 
of the drams. If we depress the first lever it presses down the mem- 
brane of the dmm below it, indaciag a pressure which lifts the mem- 
brane of the socond dmm, and conaeqnently lowers the second lever 
conversely ; the elevation of the first lever piodnces an inflox of air, 
which raises the membraae of the second lever. 

Fig. 33. 



Proceeding in the same maoner to transmit motions in a horizontal 
plane, I have placed at the right of one of the levers and at the left of 
the other a dram with the membrane in a vertical plane, which imparta 
18s 
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lateral motions to these levers. These motions are transmitted by ft 
special atr-tnbe, ns before. In the apparatus thns constmcted, if we 
move the end of one of the levers with the finger, the other lever will 
be seen to execnte the same movements with perfect fidelit^j*. The only 
difference consists in a slight dimination of amplitnde. This happens 
because the air contained in the tubes and drnms is slightly compressed, 
and in conseqncDce does not transmit the whole of the motiou which it 
receives. It is easy to remedy this defect, if it be one, by placing the 
ball-and-sDckct joint a little nearer the point whence the motion is 
transmitted t« the second lever. Bnt it is better not to attempt too 
great ampMcation, because the friction is thns augmented and the 
foree which should overcome it is diminished. 

After having determined that the transmission of such motion can be 
effected in a satisfactory manner by means of this apparatus, I have 
sought for the means of tracing these movements upon a plain surface. 
Thexlifflcultywhich before presented itself, when I endeavored to apply 
the graphic method to the study of the wing-strokes of insect^ a^io 
appeared, bnt this time there was no means of elnding it, and I con- 
tented myself with partial tracings. The point of the second lever de- 
scribed a spherical figure in space which could not be tangent, except as 
a point, to the smoked surface, which should receive the trace. In conae- 
qnence, I should have to register the projection of this figure on the 
plane. Helmholtz had also encountered the same difficulty in the con- 
struction of his myograph, and had solved it by causing the point of 
the writing style to rub continually on the smoked surface by means of 
a weight. But as I could not attach a weight to the extremity of my 
lever, I resolved to the following expedient, shown at the end of the 
lever, in Fig. 2i. It is large at 

the base in order to resist all ^' **■ 

lateral deviations from friction ; ?^, 

this base is fixed on a vertical V.-. 

piece of aluminium which is 
attached to the extremity of 
the lever. In this way the 
point of the contrivance, whiph 
perfbrms the office of a style, is 
situated exactly opposite the q^ 
end of the lever whose motions 

it register^ If the lever be Elastic point trwing upon wnckod gW 
elevated and takes the position ^ * ' " 

indicated by the dotted lines in Fig. 24, in traversing this space it bas 
described the arc of a circle, and its extremity will be do longer on the 
same plane as before, but the elasticity of the contrivance will have 
carried the point of the style forward, and it will therefore continue to 
be in contact with the plane upon which it is tracing. Thus the lever 
elongates or shortens according as the case requires, und its point con> 
tinoally rubs upon the plane. I should add that the surface upon whicb 
the tracings are received is of finely polished glass, and that the con> 
trivance which I have used is so delicate that the pressure which it 
exercises produces scarcely any Iriction. 

The apparatus bt^ing thus constructed, it must be submitted to verifl* 
cation, to ascertain whether the motions are faitbfiilly transmitted and 
registered. To do this both levers of Fig. 23 are furnished with simi* 
lar styles, placed against the same smoked glass ; and moving one of 
the levers with the hand, for instance, so as to writ« my oanie, the 
aOust lever should reprodooe the same signatare. It frequently hap- 
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pens that the traosmission is not eqoaUy good in botli directions, which 
is perceptible by the deformity of the transmitted flgnre, vhich is in- 
vreOBed more or less in height or breadth. This deficiency can always 
be con'ect«d, since it is due to the membrane of one of the drums being 
stretched more than that of the other, and hence yielding less easily to 
pressure. It is very easy to equalize the tension by tightening the mem- 
brane of the other drum until the figure traced by the first lover is 
identical with that traced by the second. 

The modifications by in^ns of which I have rendered this tnins- 
mission applicable to the study of the motions of the wing of a fiying 



^ The apparattts 
'^ necessarily being 
St heavy, it required 
^ a large bird to carry 
^ it. Strong adult 
g barriers served for 
I the experimeuts. I 
S fixed a light strip 
£ of wood upon the 
1^ bird's back, apoo 
■« which the appara- 
J tus was placed, by 

f means of a kind of 
corsetj which left 
a the wmga ai>d feet 
^^1 f^ee. That the 1e- 
^^1 ver might faithfully 
I ezecnte the same 
!^ -3 motioDB as the 

.1^ s bird's wing, the 

E 'I joint of the lever 

I shonld be placed 
S in contact with the 
-S humeral articnla- 
^ Hon of the harrier. 
% As the presence of 
J the drums by tbe 

tside of the lever 
c does notpermit this 
* immediate contact, 
^ I had recourse to a 
■a parallelogram, 
% which transmitted 
M to the lever of the 
% apparatus the 
X movements of a 
-c long arm of which 
3 the center of mo- 
tion wms very close 
to the articnlatiOB of the bird's wing. Finally, to obtain an identity of 
motiou between the arm uid the harrier's wing, I fixed on the bastard 
wing, that is to say, on the metacarpal portion of that organ, a well cut 
screw-vise, furnished with a ring, through which passed the steel ana 
of which I have just spoken. 

DigiLizedbyCiOOglc 



276 PHENOMENA OF FLIQHT tN THE AKIMAL EINGDOH. 

Fig. 35 represents iho harrier flyiog witb the apparatus in qnes- 
tion ; below hang the transmitting tabes of the registeriDg apparatos. 

Aller a great many fimitless attempts and changes of constmctiou of 
the apparatns, wbieh, being very fragile, brolce at almost every flight of 
the bird, 1 succeeded iu obtaining satisfactory results. During flight 
the registering lever described a kind of ellipse, bat I was obliged to 
give up registering this figure upon a stationary glass. The motions 
of the wing differing at different moments of flight, the style did not 
pass over the same points, and I obtained a very confused tracing. I 
then resolved to use a glass moWng horizontally at a uniform rat« in 
order to obtain an extended figure, which I coold afterward submit to 
a geometric correction, and thus obtained as it should be, if traced OQ a 
stationary surface, a figure for each instant of flight. 
- Figure 26 represents one of the numerous 
tracings which I have thus obtained. The per- 
fect uniformity of these tracings gives me en- 
tire confidence in their correctness. To ana- 
lyze the meaning of this curve, it is necessary gi I 
to know bow the bird flies, how the apparatus -I I 
iA arranged, and in what direction the smoked i r 
glass moves while receiving the tracing. The § L 
observer being placed opponte the glas^ on F I 
the smoked side, sees it move from the right ^ 1 
to the left ; bettreen the glass and himself is a S I 
tracing apparatus, with the lever rubbing upon S f 
the smoked surface directly in front of him. § I 
The bird flying £rom right to left, in a plane | I 
parallel wiui that of the glass, carries the lever , ' ' 
of the apparatos on his right wing, so that the a ■ 
respective levers of the two machines are al- "S I 
ways parallel to each other. This being g.' I 
known, the tracing should be read &om left o I 
to right. We have seen that the tracing con- ^ I 
sists of a kind of ellipse, which the motion of ^ ' 
the glass extends into a spural. The move i 
ments, more extended at the beginning of fi 
fli&bt, gradually lose a little of tlieir ampli- R 
tude, and retain a nnifOTm character fbr some | 
time. & 

This flgore somewhat resembles that which | 
we obtain from a Wheatstone's rod, according B 
to the nnison which traces the ellipse which % 
ite jwint describes upon a surface moving from < 
right to left. Fig. 27, showing the tracing j 
of t^ia rod, admita the comparison of the *£ 
two. ' 

The wing of a harrier thus describes a sort o£ 
ellipse, but it is necessary to determine more 
exactlyits sfaai>e, and to correct theerror caused 
by the motion of the glass plate. 

Such a correction is impossible, onless we know the elevation attained 
by the wing at the end of sucoeBsive and equal interr^ of time. This 
once obtained, if we trace parallel horizontal lines representing the 
position of the wing at each of these successive moments, these lines 
will cut tlie descen^g curve at points which correspond to the sncces- 
Bire equal intervals of its course. It is dear that if these Bnccessive 
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points of the curve have been prodaced at equal inteirals of time, each 

of them, aoder the influence of the motion of the glass plate, will have 

a constant deviation toward the right^ bearing & stated relation to the 

preceding point. The correction thus consists iu cairjing the second 

point ba^ toward the left twice this amoant, the third point three times 

[^„_ 27. ^^^^ amount, and 

-t on. The ascend- 

g portion of the 

trre should also be 

ibmitted to this 

)rrection, and sim- 

irly each part of 

le tracing. But it 

I precisely t li o 

jight which the 

ing.attnins in the 

,. . , ... -Jferent ascending 

ElliiMetracedbraWfaefttatone'srodiipoiiatmiimgcylindcT. ^jj^ descending mo- 
tions of its conise which wo do not know; but this wont can be sup- 
plied by the apparatus in the following manner: 

Since the principle of this mechanism is founded upon the transmission 
of two motions, perpendicular to each other, vertical and horizontal, it 
Bufflces to suppress the transmission of the horizoutal motion to obtain 
the curve of elevation immediately ) that is to say, the expression of the 
height of the wing at each instant of its course. For this I obstruct the 
tube of lateral ti'ansmissiou, let the bird fly, and obtain the curve of the 
heights of the wing at each moment. 

^e oonection being made, and Fig. 26 being selected to show the 
conrae of the point of the wing during one of its evolatioos, and pro- 
jected opon a stationary plane, we obtain Fig. 28. 

fV[ 38. Theanowsindicatetbe directioninwhiohthewiug 

moves. 

Is this the form cbaracteristio of all birds ; or is it 
only that of the harrier, in the conditions of flight 
in which it has been placed f 

The last supposition appears to be the most prob- 
able; we cau see, even while comparing the form of 
the trocmg at different instants of its flight while 
under experiment, that the ellipse is greater and more 
open in the first strokes of the wing than in the last. 
It is, however, neceasaiy to except the second stroke 
of the wing, which has given me a narrower ellipse 
In n>iies of tbe than any other, in all the experiments which I have 

__ Jnt£°iJD5mrfmade. I do not know to what this siiecial form is to 

toebird. be attributed, but have thought it worth while to men- 

tion it on account of its constancy. 

Of the rotation of the humerus and the changes of the plane in the win^ 
during flight. — The wing of a bird, like that of an insect, must meet 
with a suflicient resistance &om the air in its motion upward and down- 
ward to iucline its flexible portion, namely, that which forms the webs 
and coverts. This cause does produce a change of the plane of the 
wing, but there is another even more powerful, for it places the wing at 
the outset of the depressing motion in a favorable position for the double 
propulsion which is prodnced. I refer to the pivot motion which the 
nnmems executes around its axis at each contraction of the great pec- ^ 
toraL It is enough to examine the bony crest on which the large tendoa -' 



278 PHENOMENA OF FLIOHT IN THE ANIBIAL EIHODOU. 

of Hie great pectoral is' inserted, and to consider that this crest is gita- 
ated on the anterior edge of the hnmems, to comprehend that the action 
of the great pectoral, whose fibers are carried backward and downward, 
ehonld produce a rotaiy motion of the humems around its longitudinal 
axis. The conformation of the homeralarticnlation i» perfectly adapted 
to this motion. Finally, the existence of this rotation Is rendered still 
more necessai? by the resistance which the air presents to the back ot 
the wing and opposes to the descent of its feathered portion. We can 
demonstrate the existence of this motion and measure its extent by 
menus of the registering apparatus. But I have thought it best to defer 
these researches, especially as tliey necessitate the constraction of spe- 
cial apparatus, which would require nnmerons experiments, Mid would 
produce, after all, results of very slight importance. In fact, we are 
enabled to deduce from the attachment of the muscles the nature of 
the motion which they produce, and this deduction is especially easy. 

1 have always sought to verify the existence of this rotary motion o£ 
the humerus, and t« measure its extent, by the application of electricity 
to the muscles of the bird. In the experiment for measuring the static 
power developed by the contraction of the great pectoral muscle, previ- 
ously described, I noticed tliat at each excitement of this muscle the 
humerus executed a rotary motion upon its axis. . I fixed in the humems 
a rod, perpendicular to its axis, and was enabled, by iJie angle formed 
by the two positions of this rod, to demonstrate tbat the rotation in the 
harrier corresponded to an angle of thirty-five or forty degrees. It 
seemed that the limits of this angle were fixed by the attachments of 
the median and great pectoral muscles. If traction be exerted upon 
the two antagonistic muscles of a newly dissected bird, it will be seen 
that the median pectoral raises this member so that its upper face is 
turned somewhat backward. The action of the great pectoral changes 
this position of the wing completely, and carries its npper face strongly 
upward and even a little forward. These expressions, upward and 
downward, are relative to a plane cutting the bird into a dorsal and a 
ventral half; but this plane, doubtless, ia not entirely parallel with tbe 
horizon during digbt. But it is certain that the resistance of the air 
should give a much more pronounced deflection to the feathers dnriog 
the more rapid descent of the wing. 

The most difficult to measure of the influences which change the piano 
of the bird's wing is that which relates to the pressure of the air (m the 
feathers. Perhaps it may not be impossible to dexise an apparatas 
capable of measuring it, but it so varies with the variations of tbe 
velocity with which the wing is lowered, that any measorement whicb 
might be obtained would be only the expressiou of a particular case. 
It is very probable, on the contrary, that the change of plane due to the 
action of the pectoral muscles is a much more constant iihenomenoD.' 
We can infer the action of the two motions of the bird's wing from what 
has been said of the mechanism of the flight of insects. It is evident 
that the descent of the wing will have the double eflTect of raising the 
bird and of imparting to it a horizontal motion. As to the ascent of the 
wing, its office cannot be the same, because the imbrication of the 
feathers does not oQer a resistant suriaoe to the air. 

Everything t«nds to show that the ascending wing cnt« the air with 
its antmor edge, but, as we shall see, anothecpbenomenon occurs wiiioh 
uplifts the body of the bird during the elevation of the wing ; this is 
the traoafonuation of the impulse which tbe bird has aoqaired doring 
the lowering of the wing. This impulse is chtmged in lising, by a dmgIi- 
aoiam analogoos to that which raises the toy kite. . . i ^ i(K><^^ IC 
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In a remarkable stiidy of the flight of birds, M. LiaJB faus been led, 
throufi^h obserTatiOB and dednctiou, to adopt this theory, to whioli the 
experimenta abont to be described, I tmst, will add new proofs in its 
favor. 

Before leaving the enhject, it is necessary to meotion the existence of 
certain other motions in the flight of small birds. I refer to the folding 
and unfolding of the wings. But the existence of these motions does 
not seem to he constant, and tbe eye cannot perceive tbe least trace of 
them daring the flight of tbe large birds npon which I have experi- 
mented. I shall, therefore, omit the study of these motions, and of tbeit 
possible effects, and restrict my conclusions on the mechanism of flight 
to a certain number of determinate species of birds. 

The study of the motions of the wings of birds during flight necessa- 
rily includes the efi'ect produced by each of these movements. "We are 
temi)ted to deduce these effects from tbe nature of the motions which 
generate them, but it is safer to obtaiu the solution of this complicated 
problem from experiment. Two distinct effects are produced during 
flight : first, the bird is upheld against the force of gravity ; second, it 
is propelled horizontally. Is the bird iu the air snstained at a constant 
elevation, or is it rather subject to oscillations in the vertical planel 
Does it not exhibit, by (he intermittent effect of the strokes of ita wings, a 
series of ascents and descents, the frequency and extent of which can- 
not be observed by the eye I Is not the bird also subjected to a varia- 
ble velocity in its horizontal coursef Does it not receive a jerking 
motion from the action of its wings t These questions can be solved by 
experiment. In the following manner : Since we possess the means by 
which distant motions produced by pressure exerted upon a drum filled 
with air are made to record themselves, we must seek to connect the 
movements which we would study with a pressure of this kind. The 
oscillations which the bird executes in the vertical plane should be made 
to produce alternately strong or feeble pressure on tbe membrane of the 
drum, according as-the bird rises or falls. The same should he done in 
seeking the variations of its horizontal velocity. Suppose that a flying 
bird carries npon its back a light metallic drum, like tbe one already 
described; that the membrane of this drum be turned upward, and that 
this instrument be put in communication with the registering appara- 
tus by means of a long tube. If the membrane of the drum freely par- 
takes of the motions of the bird it will not produce any displaeement of 
Hie air in the apparatus, and the registering lever will remain motion- 
less. But if we prevent the membrane from partaking of all the motions 
of the bird, if we can give it a tendency to remain at rest while the 
drum is moved, motion will he produced in the air with which the drum 
is filled, and the signals will be registered by the lever. Xow, we can 
produce this tendency to remain at rest upon the membrane by loading 
it with an inert body, auch as a disk of lead. 

Fig. 20 shows the drum with an inert mass npon its membrane. 
This mass is formed of disks of lead, of which a certain nomber can be 
added or taken ot^ until the apparatos responds satisfactorily to the 
motions of vertical oscillation imparted to it. In this arrangement the 
movements in the horizontal plane are without influence npon the appa- 
ratae. If the drum is suddenly raised, the inert body, not participat- 
ing, ijt this elevatioQ, depreesea the membrane exactly as if .the mass 
itself had been depressed, and the dmm had remained motioidess. Gou- 
reraely, whrai the drum descends, the inertia of the mass resists the 
QiotloD, as if it or the membrane had been raised and the drum had 
zemained motionless. We may remark that the movement of the lever 
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is in the same direction as that of the dram ; that is to say, if the drnin 
be raised, the lever also raises itself. It may happen, with an apparotu 
of thia kind, that in the motion of the wings mbbing may be produced 
on the membrane of the dram, which will make confasion in the signals. 
To avoid this I cover the npper part of the apparatas with a metallio 



network, as seen In "Fig. 29. The dram Is there represented in the 
hand, held by the tniuBiuitting tube connectiDg with the registering 
apparatas. u the drum is moved la the vertical plaoe^ the lever is seen 
to move in the same du«ctioa, at the same instant of time, and with an 
ampUtade proportionate to the motions of " ' ~ I^ on tbeooQ' 
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traty, we give the mass a lateral motion, do effect is prodaced apon the 
Jever, and do sigual is made. Bat it may be said that an inert mass 
placed on an elastic membrane tends to execute vibrations peculiar to 
itself, and that the apparatus will transmit these vibrations of the mass 
of lead and the membrane which carries it independently of the oscilla- 
tioDS of the bird. How shall we get rid of this complication T The law ot 
vibrations teaches us that the duration of the double period of each of 
them varies with the weight of the vibrating body, and with the elastic 
force of the lamina which carries it. The greater the mass, and the 
feebler the elasticity, the longer will be the period of vibration. Now, 
the motions which 'we are studying are rather firequent, some birds 
making eight or ten strokes of the wing per second. If we arrange it so 
that the x>eriod of oscillation of tbe mass of lead itself is much longer 
than that of the bird, we shall no longer be troubled by the couiplica- 
tion of these interfering motions. By employing a heavier mass and a 
less tense membrane, a good transmission of motions, which are not too 
slow, may be obtained, for instance, snch as last less than half a second. 
It is not necessary, either, that the iustrament should be applied to the 
study of the oscillations of all species of birds. 

But to make sure of the accuracy of the apparatus It should be reri- 
fled by the method much like that which I have used to correct all my 
apparatus. This consists in making, directly by band, the tracing of 
the motion which I have imparted to the weighted drum, and observing 
whether the regisCered motion was the same as the first. 

Experiments made u;>on different kinds of birds, ducks, barriers, hen- 
hawks, and owls, have shown me that, in relation to the intensity of the 
oscillations in tbe vertical plane, very varied types of flight exist 

Figure 30 shows tracings, furnished by different kinds of birds, npoo 
a cylinder turning at a uniform rate, and contrasted with a tracing pro- 
duced by a tuning-fork making 100 vibrations per second. These 
tracings enable as to estimate the absolute and relative duration of the 
oscillations of Sight in these different birds. It follows fVoin these 
flguree that the frequency and amplitude of the vertical oscillations vary 
a good deal with the kind of bird under consideration. 

To better comprehend the cause of these variations, let ns register at 
the same time the vertical oscillations of the bird and the action of the 
muscles of its wing. If we make this double experiment upon two lurds, 
differing in their manner of flying, such as the wild duck and tbe bar- 
rier, the tracings represented by Fig. 31 will be obtained. 

Tbe dock presents two energetic oscillations at each revolution of its 
wing ; the one at b, at the moment when the wing relaxes, is easily 
understood; the other, at a, at the moment when the wing rises. To 
explain the ascension of the bird, during the time of elevation of the 
wing, it seems to me indispensable to call in the action of the boy's kite, 
previously alluded to. The bird, moving forward with acqaired'\'elocity, 
presents its wings to the air in an inclined position, similar to that of 
tbe kite, and thus transforms its horizontal force into an ascending one. 
The flight of tbe harrier presents the ascension which accompanies the 
elevation of tbe wing, in a smaller degree. May not tbe oause of this 
difference be recognized as a Smaller relative inclination of the wing 
toward the boiiEon 1 

J)eterminalion of the diffBret^phaaes o/the evolution of ti^win^, to icMc& 
tA0 vertical OMilIationfl con-Npond. — The interpretation rS. these carves 
throws light at once upon the experiments made on tbe variations of tbe 
tmnsfortuatiott of velocity in the bird, at different momenta, daring 
(be evolution of the wing. .. , ^,(.k)^?K' 
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Fig. 38. 



Fig. 30. Line 1. dmnogMbio trace of a timing-forii, TlbratinK 100 tiuiAa a aMoodt 
a. VerUcaloacUlatloiitoflbewUddnckdnringfli^t 3. OHiUatfoiu of the Iien-liavk. 
4. Of the8cieeoti.owl; and 5, of the harrier. 

Tig. Si, SimnltaiLeoiu tiadiig of botb Uadji of oactUatioiu execntod by ^ haw^^ y 
diuiag flight. ,-~ T 

D,g,L,zeclbyCK>OglC 
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Bni^ before going farther, we may remark that the preceding experi- 
ment mmishcs a very precious lesson in the theory of flight. In fact, if 
the bird executes a aeries of ascents and descents, the daratiou of the 
descending period irill approximately inform ns oi the amoant of the 
positive work which the bird must perform to rise again to the height 
&om which it fell, and we see that the duck, which makes nine vibra- 
tions of the wing per second, executes two v^tical oscilladons daring 

Fig.3t. 



Id the apjHC half is seen Baperpoaed the mnscnlai trociog, and that of the Tertical 
oeciUntionH in ft wild dock. Below the undatatioo a, wbich iDdicates the ^leration of 
the vrtagf is aeea ft vertical oscillation; and anotber, below b, wbich indicates the low- 
eriog ofthe winf;. la ths lower portion are tbeBametrftcings obtained ftom a harrier: 
bere tbeoaciUationato, whidicon««ponds to tbeelevaUonof tbe wiug, in Ices marked 
tliHU in fbe duok. 

each vibration, or eighteen in a second. Each oscillation is composed 
of a rise and fall, so that each descent of the bird cannot lost more than 
one thirty-sixth of a second. Now, if we substnict the effect i>nHiuced 
(as in a parachute) by the outspread wings of the bird, we find that a 
body which falls during one thirty-sixth of a second traverses only fifty- 
two inillimeters. This fall repeated eighteen times a second constitutes 
a total rise of 9.36 ceutimeters, necessary to maintain the blnl in the 
same horizontal plane during one second. 

lu the tracing of the harrier, the descents are less than in the wild 
duck, probably on account of the large surface of the wings of this bird. 

Determination of the variationa of the rapidity 0/ flight. — The second 
qnestion to be solved relates to the determination of the various phases 
of rapidity of flight. The solution can be found in the following man- 
ner: If the weighted dram be placed upon the lidrd's back iu a vertical 
plane perpendicular to the direction of flight, it will be insensible to 
Tcrtical oscillations, and will only indicate those of forward and back- 
ward; also, by turning the membrane of the drum forward it is clear 
that if the advance of the bird is accelerat€i), the retardation of the 
weight on the translation of the apparatne will produce a crowding of 
Qie air in the second dram, and an elevation of the registering lever, 
vhile a relaxation of the efibrt of the bird will bring about a desoentof 
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the le^teriDg lever. EiperimentB upon the kiods of birdB previotuly 
mentioaed fUrnish tracings aaalogoas to those of the vertical osdlla- 
tionB. If it is tme, as I sappose, that the vertical osciUation of the 
bird at the momeat of raising the wing be dae to the upward trans- 
formation of velocity, by obtaining, simultaneoasly, the tracing of the 
verticat oscillations and those of the variations of velocity, we shall 
have the means of confirming this theory. When obtaining at one 
time the two liinds of oscillations in the Sight of a harrier, I have seen 
that the phase of descent of the wing resulted both in the elevation ot 
the bird and the acceleration of its speed. This effect is the necessary 
consequence of the inclination o'f the plane of the wing at the moment 
of its descent, as we have ]jfevioasly shown in the flight of insects. As 
for the phase of elevation of the wing, it is proved that during the 
slight ascension which it produces the speed of the bird is diminisfaed. 
In fact, the curve of the variations of rapidity falls as soon as the bird 
begins to rise. This is, then, a confirmation of the previously suggested 
theory of the upward transformation of the speed of birds. Thus by 
this mechanism the descending stroke of the wing creates the force 
which produces the two oscillations of the bird in the vertical plane. 
The downward stroke directly produces the ascent which is synchro- 
nous with it, and indirectly by creating the velocity which prepares for 
the second vertical oscillation. 

Simtdtaneota tracing of the two leinda of o»cillatioti of ihtlHrd. — ^lustead 
of representing each kind of oscillation separately, I have thoi^ht that 
it would be more instrnctiveto obtain a single line which, by its curves, 
should represent both of the movements which the body of the bird 
executes in its course through space. The method which has been .used 
to obtain the curve of the point of the wing, with some modifications can 
be made to furnish a simultaneous tracing of both kinds of motion. ; 
^or this both dmms must be connected with the same inert mass, and 
placed at right angles to each other. Turning back to Fig. 23, which 
shows the two levers connected by tubes which transmit to the one all 
the motions executed by the other, when any motion is imparted to the 
first lever, the second lever reproduces the same motion in the same 
direction. Now, let us charge one of the levers with a mass of lead, 
^d, taking (he support of the apparatus in the hand, make it describe 
some motion in a plane perpendicular to the direction of the lever. We 
•ee that the lever No. 2 executes directly opposite movements. In 
&ct, since the motive force which acts on the membranes of the dmmg 
is simply the inertia of the mass of lead, and since this mass is always 
behind the motion given to the apparatus, it is clear that if the whole 
be raised the mass will keep the lever down ; if the whole be lowered, 
the mass will raise the lever ; if it be carried forward, the mass will hold 
back the lever, &c Now, the second lever, executingthe same motions 
as the first, will give curves which are directly t^e opposite of the mo- 
tion which has been given to the support of the apparatus. This being 
settled, now for the experiment: For this I take the apparatos repre- 
sented on the back of the barrier in Fig. 25; I remove Uie rod which 
receives the motion of tJie wing, and the parallelogram which transmits 
it to the lever. I keep only the lever connected with the two drums and 
the moanting which attaches it to the bird's back. I fix a mass of lead 
en this lever and let the animal fly. The tracing obtained is repre- 
sented by Fig. 32. 

The analysis of this curve is at first sightextremelydlffloolt. I hope, 
however, to succeed in showing its signification. It is traced on the 
qylioder uoder the same conditions aa Fig. 26, showing the different 
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motions of the poiat of the wing. The glass plato moves from the right 
to the left ; the tracing is read &om left to ri^ht. The head of the 
hird is toward the left ; this flight ia in the direction of the arrow. 
We can divide this flgnre by vertical lines paBsiug throngh homologoos 
points, cutting it either at the top of the loops or at the summit of the 
simple curves, as represented at the points a and e. Each of these divi- 
Bions incloses Bimiiar elements, although their development is unequal in 
different parts of the figure. For the present we shall neglect these 
details. 

It is evident that the periodical I'etnm of similar forms corresponds 
to a return of the same phases in an evolntion of the bird's wing. The 
division a e thus represents the different motions of the bird daring an 
alar evolntion. 

Let us recollect that in the cnrve which we are analyzing all the mo- 
tions are the reverse of those which the bird really executes. The two 
vertical oscillations, the great and the small, shonld then be represented 
by two downward curves. It is easy to recognize them in the great 
carve al>c and the small cnrve ede. Thus the bird rises from atob, falls 
fh)m btoo, again rises from otod, and re-descends from <I to «; bnt these 
oscillations encroach on each other, producing the loop cd. The oscilla- 
tion ode partly covers the first anteriorly. This ia a proof that the indica- 
tions of the curve are the reverse of the true motion ; for, at this 
moment, the bird recedes, or, at least, relaxes its course. As the appa- 
ratns is only sensible of changes of velocity, it is clear that the tracing 
does not take the aniform rapidity of the bird into acconnt, bnt indi 
cates acceleration as a forward movement and retardation as a retro- 
grade movement. This figure, then, sums up all the preceding experi- 
ments which we have made on the motions of the bird in space. It is 
here seen that the bird at each evolntion of its wings rises and falls 
twice, successively ; that these oscillations are unequal ; the larger, as 
we know, corresponding to the depression of the wing, the smaller to 
Its elevation. It is also seen that the ascent of the bird dnring the 
raising of the wings is accompanied by a retardation of Its speed, which 
justifies the theory by which this ascent has been considered as made 
at the expense of the bird's acquired velocity. Bnt this is not all; this 
curve also shows us that the motions of the bird ore not the same at 
the beginning and end of Sight. We have seen already {Fig. 20) 
that the first strokes are more extended than the others; we now see 
that at first — that is, at the left of the figure — the oscillations produced 
by the descent of the wing are also more extended. But theory fore- 
told that the oscillation of the elevation of the wing being derived from 
the acquired speed of the bird should be very feeble at the beginning 
of fiight when the animal has acquired but little impetus. The flgnre 
shows us that this does happen, and that at the beginning of fiight the 
second oscillation (which forms the loop) is very insignificant. 

At last, then, we are in possession of the principal facts upon which 
the study of the mechanical power developed by the bird during flight 
can be established, and we see that it is during the descent of the wmg 
that the entire motive force which sustains and directs the bird in space 
is created. 
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THE NORTHERN SEAS. 



By M. Babiket, 0/ Gt^Aoadea^ ef StAtKOt*. 



[ 2Vaiiila(Ml for (bs AirittMmtM /MHMJon.) 

Thntiks to modern voyages, particularly siiice the many and praise- 
worthy expeditioDS in search of Sir John Fraakliu, we have to-day the 
a«8uraDce that the arctic pole is surroanded by a narrow and contiun- 
OQs sea, bounded on one side by the eternally congealed polar space, 
and on the other by Northern Europe, Siberia, or Northern Asia, and 
lastly all of America in the higher latitudes. A navigator starting from 
Dunkirk, on the meridian of Paris, might proceed straight to the pole 
without euconutering land, but stopped by the never mSted barrier of 
ice : if he tamed to the right toward the east, he would leave to the left 
and north Spitzbergon, and to the left and south, North Cape. Passing 
over the White Sea, he would leave the Polar Sea of Europe at Nova 
Zembla ; then coasting along Siberia, he would come into the somewhat 
less contracted basin beyond Behring's Strait. Then passing alone 
Northern America, and descending considerably in latitude, ho would 
at last arrive at Lancaster Sound, through which the American Polar 
Sea empties into the great canal, separating Greenland from the New 
World. There the navigator would be obliged to descend greatly to- 
ward the sonth, in order to attain the point of Greenland, alter having 
traversed almost the entire polar circle. After passing through Davia 
Strait he would enter the basin between Europe and America, termi- 
nating the northern Atlantic, whioh has for it3 limits Labrador, New- 
foundland, Great Britain, Norway, the polar circle, Iceland, and lastly 
Oape Farewell, at the extremity of Greenland. This northern basin of 
the Atlancic, which communicates at the east and west with the glacial 
seaa, has for companion and analogue the northern part of the Faciflo 
Uceau, enclosed by Kamtchatka, Behring's Strait, Bussian and 
British America. It is not fully determined whether the Pacific scnda 
through Behring's Strait a current of temperate water into the 
Amencan glacial sea, as the Atlantic does to the glacial sea of the Old 
World, through the passage separating Cape North from Spitzbcrgen. 
As to the existence of a current, following the course we have just 
described as. pursued by the imaginary navigator, compassing the 
polar regions and moving always to the east, it is an undoubted fact, it 
seems to me, and at the seasons when the maritime regions traversed 
by this current are &ozen, it nevertheless continues its course under the 
ice. It should be observed that a similar current Sows trom the west 
toward the east, making the circuit of the other pole of the earth : bat 
as the domain of the latter consists entirely of shoreless seas, it follows 
its course without interruption toward the east, and accomplishes its 
revolution without change of distance &om the pole, its direction un- 
altered by projections of land, like that of Greenland, which greatly 
complicate the mechanical circnmfitaQces. and modij^ the course of the 
two great oceanic rivers (an expression of Homer) which I have added 
to the five great corrents noticed in the admirable work of M. Dupeoy of 
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oar institDte, tmd confirmed by the map of M. Findlay, published in 
England in the Journal of the Boyal Oeographical Society. 

The northern basin of the Atlantic is, as I have jast ^d, entirely 
analogons to the northern basin of the Pacific. The whale, the seal, the 
porpoise, and fisheries in general, attract the fuune European and 
AmerictiD navigators. The warm cnrrcnts, ascending from the equator, 
produce upon the eastern and western shores of each the same climate 
and the same vegetation. 

Upper California and Oregon rival Western Europe, and when the 
hardy settlers of the Anglo-Saxon race have peopled the more northern 
shore of the Pacific baiuD, it will eqnal the Korwegiao coast, where, 
according to Horace, 

Ubi ScandiB dives 

Hftlecas totom mittit pitcosa pn orbem. 

" Where rich Scandinavia catches herring for the whole world.'' One of 
our statesmen has predicted that here wul be the seat of civilization in 
1957. 

M. Arugo has often said, quoting Napoleon I, that the most powerM 
of all rhetorical figures is repetition. I tberetbre repeat what I have 
written before, that the superiority of northern climates over those of 
the south is due to the fact, that almost all the temperate water of the 
great warm current of the equatorial regiou ascends to the north, as in 
the Atlantic, by the Gulf Stream, giving to Norway the rich culture which 
was the admiration of the observers of La Heine Hortense in 185C, and to 
Oregon thegiantsof the vegetable world, trees of 100 metres (330 feet) in 
height. Look at the map of M. I>ui>errey, who has discovered one of the 
three currents which carry the warm water of the equator to the south. 
Observe those three currents, that of the Indian Ocean, the South Pa- 
cific, and Australia ; mark the small amount of water carried by them 
only a short distance from the equator toward the antarctic pole, while 
the two great and powerful currents of the Atlantic and of the northern 
Pacific take from the equator even almost the entire mass of water of 
the warm current encircling the intertropical world, to transport it to 
latitudes in our hemisithere equal or superior to those of the north of 
Scotland. 

Notwithstanding the contents of many original memoirs upon the 
question of the excess of temperatuie of ^e northern over the southern 
uemisphere, what a display the world of compilers still make of worn- 
out lumber, of superannuated opinions, relative to the causes which 
render our latitudes immensely superior in climat« to those of the south. 
We complain of the inadequacy of literary criticism in our day, bat 
what may not be said of scientitio criticism, when we see the finest minds 
led by the best accredited works, in ignorance of the actual state of 
science, to repeat the echoes of the metoorologioal data of 1800] 

These preliminary remarks were necessary to show the importance of 
all investigations made, or to be made, in the northern basin of the At- 
lantic. The fishers of the Scandinavian shores, and the whaling expe- 
ditions to Newfonndtand, and the seas separating Greenland from 
America, follow routes so uniform, and deviate so little irom the line 
leading directly to the scene of their lalwrs, that one is Burprised at the 
incompleteness oftherecordsof theirfrequeot passages. The^workfor 
money, not fur science ; the field is therelbre open to more dismtereated 
explorers, and it is astonishing how much more information may be ob- 
tained from a single expedition of an intelligent tourist, than &om the 
periodical emigration and return of the seamen of commereinl Europe. 



The short voyage of Prince !Napoleon standB first perhaps in importance 
for facts collected on our polar seas. Claade has said that not to be boni 
a king is to be a fool. It is at least a great mistake for an explorer not 
to be a prince. The working force, intellectnal and personal, of the great 
astronomical observatories is spoken of as that of a fall of water or a steam- 
engine ; may we not in a like manner calcolate how many factSj observa- 
tions, drawings, and specimens of all kinds could be collected id a short 
time by an intelligent leader, with a select corps of seamen and scientists, 
aided by every desirable means and commanding circamstances, rather 
than being <;outrolled by theml An immense volume of eight hundred 
I>age3 in which there is nothing saperflnons, scarcely satBces to contain 
the results of the rapid excnrsion of 1S56. The archeological, descrip- 
tive, political and economical parts of the observations find no place in 
this volume, although they should have been included in its records. If 
to this already very voluminous record could be added an accurate de- 
scription of the rich collections brought back by the expedition, a num- 
ber of cnrious facts might still be drained from it, and valuable samples 
given of the harvests ready to be reape<1 by local collectors or future 
travelers. 

The publication describiog the expedition of La Beine Hortense to 
the northern seas is divided into two distinct parts. The first consists 
of a rapid and sprightly narration of the events of the voyage from the 
oil mines of England to the country of Scottish clans; then to Iceland, 
Jan Miiyen and Spitzbergen, to Greenland, the Faroe and Shetland Is- 
lands, and lastly to the Scandinavian shores. A distance of twelve thou- 
sand miles, accomplished in three or four months, is reviewed by the 
reader in six hundred pages. Then follow some scientific notices, in small 
tfext, which I think may be considered very valuable acquisitions to the 
knowledge of the globe. The nautical record of M. l)n Buisson, and the 
geological reports of MM. Chancourtois and Ferri-Fisqani, are especially 
remarkable for the number and interest of the scientific observations 
tbey contain. I observe with pleasure that the last mentioned of the 
three authors named has not fallen short of the estimate I formed of bis 
capacity, as we discussed together the future labors of the expedition, 
and when be was not yet before the public. With the mention of MM. 
De La Bonci^re, Laroche-Ponci^, and others who have not contributed to 
this volume, bnt whose observations are not less valuable than those of 
the authors of the scientific notices, it is evident that with a minimnm 
of time the members of this expedition have accomplished a maximum 
of useful labor. It is a matter of regret that an especial article, among 
these excellent notices, had not been devoted to the magnetical observa- 
tions, but they undoubtedly will be published hereafter. It is hardly neces- 
sary to say, that I will adhere to these scieutific notices in what I am 
abont to say concerning the voyage of La Iteine Hortense in the north- 
ern seas, and two English publications relative to those regions. 

In regard to the currents of the ocean, several facts previously indi- 
cated have been confirmed by this expedition, but in a question so com- 
plicated and so debated very definite information is required. We see 
the warm current leave America, pass below Newfoundland, and arrive 
at Norway, after coasting along the south of Ireland, and passing through 
the groups of the Faroe and Shetland Islands. This benevolent dispen- 
sation of the tropical seas then proceeds northward, and at the latitude 
of Upper Scandinavia divides into two parts. One half we ^all not fol- 
low far; it passes into the glacial seas of Europe and Siberia, of which 
it somewhat modifies the climate. The other ascends, or did ascend two 
ceatories ago, to Spitzbergen, and rendeis that region habitable by bears, 
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Heals, porpoises, and whales ; then tbis part of tlie Gulf Stream turns to 
the left, desceofla toward Jan Mayeii and Iceland, and passes between 
the latter island and the eastern sLoi-e of Greenland. By this retnm 
current floating wood is carried from the Gulf of Mexico and straude<l 
upon the northern shore of Icelaud ; a deserted ship seen twice by tli(i 
extiedition proved its direction and rapidity, which coasting along the 
eastern shore of Greenland it also brings to Iceland large fields of ice, de- 
tached from the belt which renders the island of Jan Mayen inaccessible, 
and perhaps extends to Spitzbcrgen. This gloomy bordering of ice, wliick 
prevents the mariner from approaching the shore to which it adheres, is 
called " fast" or land ice, the debris broken oflf by the waves or by storms 
forms the field ice; which is generally not very thick, and the salt wa- 
ter of which it is composed loses somewhat of its saline properties 
in solidifying. The icetwrgs have an entirely different origin, they are 
the offspring of the glaciers, and are exclusively formed of fresh water. 
They are often several hundred feet in height, only about an eightli of 
which appears above the surface of thowatersomeof them are almost a 
thousand feet in diameter and are the most formidable moving masseS' 
to he found in nature. These flotillas of ice moantains are princii>ally 
encountered in the arm of the sea separating Greenland from America. 
They descend with the currant which passes through Davis Strait, and 
are sunk so deeply into the sea that very often they are carried by the 
current against the wind. It is a singular si>ectacle to see the berg ad- 
vance contrary to the superficial current produced by the action of the 
wind, which the English tmll the " drift." There is a kind of eddy, formed 
by the current descending Davis Strait, which eddy or connter-currcnl 
ascends northward along the west coast of Greenland, and here may be 
seen many of these floating mountains whirling about. It may readily 
be conceived that these enormous masses, borne southward by the cur- 
rent, would not melt before reaching the route pursued by the transat 
lantic steamers between New York and England. They are the terror ol 
captains and passengers. A sailor is constantly on the watch, and at 
regular intervals calla out to the captain " No icebergs, sir." The loss 
of many large vessels, which have suddenly disappeared, with no indi- 
catiou of a storm at the time, has been justly attributed to these float 
ing rocks, which no marine chart can record. It is a difficult matter to 
sail clear of an iceberg in fog'gy weather. From the observations taken by 
the expedition of La Beine Hortense, relative to the course of the desert- 
ed vessel, which floated round the southern point of Greenland, and was 
strtuided in one of the bays on the west coast of that country, following 
the eddy formed by the current from Davis Strait, I slionld judge that 
M. Duperrey and M. Finlay carry the Gulf Stieam too far below Iceland, 
extending too much the coanter-current between that island and Green- 
land, for according to their charts the disabled vessel descended soath- 
ward entirely out of the latitudes of the land ice, near which it was first 
seen. 

If you were to open the memoir of Dr. Bink, of Copenhagen, page 145 
of the twenty-third volume of the Royal Geographical Society, yon would 
see there represented frozen rivers emptying into the sea, deep valleys 
flUed with ice, like our Alpine glaciers. When these masses of ice, im- 
pelled by an irresistible force, which causes them to flow like ductile 
metal, are no longer sustained by the laud and prtyect out into the sea, 
they Dreak off with a load noise and thus nature forms her icebergs. 
One of these fhigments, says Dr. Kink, if stranded on the shore would 
form a mooutain over a hundred feet high. The explorers of La Beine 
Hortense saw some three times the height of Mount Val^rien above the 
19 B 
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Seine. Imagliie that mouutaiD, Beeu iti perspective bj-tho gay promen- 
iidcrs of the ISois <le Boulogne, a mass of hard and compact ice, and some 
faint conception ma.v be formed of these floating giants, which descend 
Da\is Strait towanl Ifewfouudland and the United States. I say this ice 
is bard and compact. La Beine fiortense tried cannon balls upon some 
of the impudent little bergs, which paraded betbre her, without in the 
least distiu-biugtlieirproiucoade. Just as in ghostly legends a spectre, 
shot through the heart, says coolly to his trembling antagonist " Fire 
away." 

The expedition set the good example of throwing into the sea blocks 
of wood, with a hole in them, containing a vial with a paper inclosed, 
on which was recorded the date and the geographical position of the 
place where the bottle was dropped. Several of these indicators have 
been picked up and transmitted to the French admiralty, with the date 
and place of their landing. To test the current flowing toward the east 
and passing along Siberia, a number of these bottles should be thrown 
into the strait which, eastward of the White Sea, cUvides tiio continent 
from Xova Zembla, and thej' will reappear in Bebring's Strait, where it 
has been said whales have been caught still carrying the harpoons with 
which they hsid beeu pierced in the Spitzbergen Seas. 

The exi>edition has proved by unanimous testimony the deterioration 
of the climate of Greenland, Iceland, and Spitzbergeu. In Greenland, 
at a short distance from the shore, there is now only one iinmenso 
glacier, like those of the Alps. Mountains and valleys have disappeared 
under the level of snow and ice, and the astronomers of Mars and 
Venus, who draw or photograph our planet, must be astonished by this 
snperabunditnce of aretic snow, which never melts, even when that of 
Russia, Siberia, and Canada has di3api)eared in the rays of the summer 
sun. 

The " fast" ice which to-day sarrounds the island of Jan Mayen, half 
way between Iceland and Spitzbergeu, renders inaccessible the east 
coast of Greenland, and sometimes extends to the north coast of Ice- 
land, a circumstance which never happened in fonner times. Whalers 
no longei- go to Spitzbergeu, whose seas are as depopulated as its idains, 
■where the suow has ceased to melt. What is the cause of an effect so 
di.sastrous, which threatens at some future time, more or less remote, 
to drive from Iceland the starving population of about sixty thonsan<l 
inhabitants, which it feeds to-day, or rather does not feed, since it is by 
Ashing that the Icelanders mostly obtain the insufficient nutrimeut by 
which they are barely sustained, even with the assistance of the Danish 
government I If the fast ice should iuclose Iceland, as it has the island 
of Jan Mayen, what would become of the Icelanders T 

Hypotheses have not beeu wanting to explain this deterioration of the 
climate of Gi-eeuland, now buried under a compact mass of ice and 
snow, fifteen or sixteen hundred feet in depth. It has been generally 
observed that the shores of the Baltic, of Scandinavia, Iceland, aud 
Greenland, are rising. In one of the bays of the latter countryj the ex- 
pedition found water-worn pebbles at an elevation never attamed by 
the present sea. The ancient banks of the Norwegian shore are in some 
localities three hundred feet high. It has been supposed that the rbiing 
of the bottom of the sea may have arrested the ice desceuding from the 
north, and caused the present accumulation between Iceland and Green- 
land. This hypothesis, I think, is not admissible. The belt of ice bor- 
dering Greenland does not, in the least, resemble the masses of ice which 
the winds and currents sometimes accumulate iu the gulfs of the polar 
seas. I think the true cause of the deterioration of the climate of the 
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Atlantic polar aeas is tbe diminution of the Golf Stream, tlie rising of 
tlie liottooi of tlie sea, giving less depth to the bed of the current, tends 
to lessen it. Formerly the temperate water ascended t« Spitzbergeu, 
giving life to the cetacea, birds, and quadrupeds of its rugged peaks, 
and then descended toward Iceland. This circulation of warm water, 
I say, being diminish^, no longer compensates, as in former times, for 
a too close proxiioitj' to tbe pole, and tbe climate of this entire basin 
has in consequence deteriorated. We may boldly affirm that the cur- 
rent pacing around North Ga|>e is lessening, and if it were sounded with 
a thermometer, as did M. De Laroche-Poncie a few years ago, it would 
be found to lose every ten years iu heat, consequently tbe shores of the 
White Se* must undergo a similar decrease of temperature. Nothing 
has ever been done seriously and in conceri to make us acquainted with 
our world meteorologically. Should an inhabitant of the moon — a Lu- 
nite, did any such exist — be transported to us here below, we could tell 
him the distance fix)m point to point iu tbe moon ; the height of its 
mountains, Ihe form of its craters, the clefts in its soil, the undulation 
of its plains, the level of its plateaux, tbe flow of its streams of volcanic 
lava, and even tbeefiect of the solar heat during its semi-monthly nigbts 
and days. But, unhappily, if he wished the inhabitant of the earth — 
this magician who knew so much about the moon — to enlighten him in 
regard to physical geography, be would be greatly surprised to bear bis 
learned man respond to almost every question, "1 do not know." The 
Lunite would form a poor opinion of a i)eople who, while confessing the 
importance, knows so little of the causes of the meteorological changes 
controlling the fertility and tbe productions of the soil, upon which de- 
pends the material subsistence of the human race. 

Le Keine Ilortense records tliis important observation: In 185C the 
wind in the latitude of 50° or tiO° blew constantly from tbe east, while 
in the prece«ling years the contrary was the case. It was the rebipse of 
the current which caused sucb great inundations in France in 1S50, and 
the return of the wind to its normal direction restored to the seasons of 
Europe their natural course. The prediction for 1857 which 1 drew from 
these facts was accomplished; but although I boldly announced it iu 
August iu an address before a iormal session of the five academies, I nm-st 
confess I am much more confident now than I was then in tbe acuteness 
of my conjecture. My confreres, the astrologers, may be encouraged to 
predict at random. If they make mistakes their blunders will be over- 
looked, while at a successful guess tbe world will cry, "a miracle!" In 
1840 I foretold a rainy winter, on account of the position of the whales 
off the bank of Newfoundland. My prediction was verified and highly 
honored; but when from some other circumstances I made a prophecy 
concerning the following season, meteorology gave me the lie direct. 
When to the congratulations upon my sagacity in regard to 1846, 1 
opposed my mistake for 1847, nobody remembered that checkmate. Tbe 
human mind seems to bo such a friend of error, that when it is not indi- 
vidually deceived, it is enchanted if some one will take tbe trouble to. 
delude it 

As to the question whether the regions under discussion will continue 
to degenerate, or whether an unfavorable period may not be followed by 
a favorable one, I answer there is very little hope of the latter; and here 
are my reasons for sucb an opinion : In attributing to the rising of the 
bottom of the Icelandic Sea, the diminution of the warm current by 
which France and England profit, as they receive a larger share of tbe 
temperate water of the Gulf Stream^ the question arises whether this 
rising will cease or continue. Now, it is to be presumed that if the cause 
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■which at the commencement of the present onler of nature condemned 
to Rterility Scandinavia, Iceland, Greenland, and the western coast of 
Europe, still preserves a residue of aetiou; that the effect of such a ca- 
tastrophe should be very slowly completed, is in acconlance with the 
mechanical law controlling the interaction of flexible bodies — and there 
are no other in nature. Place a weight ui)on the end of a spring and 
the latter will be bent to a certain extent, but leave the weight upon 
it and still more flexion will be added to the effect already obtained. 
Notwithstanding assertions to the contrary, I maintain that along the 
coast of France the continent from century to century is slowly rising, 
and that the ocean in consequence seems to retire. 

The rich collection brought back by Prince Napoleon, and exhibited 
for several months in the Palais Boyal, offers a useful bint to observers 
m general. The specimens from England, from the Faroe Islands, from 
Greenland, and even those from Korwuy, were arranged separately. If 
a list of the minerals which are found at each place had been added, the 
representation of each locality would have been complete. The light 
shed by this short and rapid voyage on every point would, of course, be 
greatly increased by local observers stationed along the route ti'aced. 
Science, however, is thankful for any addition, however small, to her ac- 
quirements. It is a mathematical axiom, "that there is something more 
valuable than a thousand pieces of gold — that is, a thousand and one 
pieces of gold." 

The physical constitution of Iceland and of Greenland, in the publica- 
tion under consideration, is discussed in two short articles from master 
hands. I see nothing in them to dispute, and I may say, nothing to be 
added, in spite of the axiom just repeated. Honor be rendered for them 
to MM. Ferri-Pisani and Chancourtois, both of our polytechnic school. 
In regard to the ice of Greenland 1 must remark upon the mournful 
condition of a land invaded by snow which is ^lerpetual, or which melts 
only during a very small part of the year. The heat of the sun in sum- 
mer cannot afi'ect the soil, since its action is absorbed in melting the 
stratum of frozen water; and in the cold season, on the contrary, the snow 
and ice decreasing indefinitely in temperature^ take away from the soil 
even the small amount of heat itmay haveretamed. Thus, for example, 
in the Auvergne Mountains I have fijund places where the ground was 
Ijerpetnally frozen even when free from snow. The small streams of 
water just under the soil were at a temperature about zero, and at a 
certain depth tbey were even colder. Thus, also, during the constant night 
of an arctic winter the ice which covers the unfortunate country of 
Greenland, decreasing constantly in temperature, transmits its coldness 
to the adjacent soil ; whereas in melting under the oblique and feeble 
rays of the summer sun, its temperature never rises above zero, and the 
soil tberetbre receives no heat above zero, while the cold which has been 
transmitted to it may have been fifty or sixty degrees below that of the 
melting ice. Surround a thermometer with ice and place it alternately 
for an hour in a place twenty degreeii above and then in a place twenty 
degrees below zero, and you will find the mean will be below zero. The 
experiment may be made more conveniently with wax, spermaceti, or a 
stearine caudle, and by the selection of two places, one above and the 
other below the melting point of the substance employed. If a naked 
bulb thermometer is used, the two effects will be exactly counter- 
balanced. 

The action of the interior of the earth upon its exterior envelope — a 
fact fully established by Humboldt — is brought into full light by the geo- 
logical notices of the voyage. If we add to the igneous fluid, the exist- 
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ence of which is admitted by alt the world, the circatDRtjince indicated by 
Laplace, namely, that the interior fluid below the lava upon which floats 
the continents is in a state of an elastic liquid, that it is a kind of com- 
pact gas, having for measure of its immense elasticity at the center the 
weight of half the thickness of the glol>e, all mechanical difiiculties disap- 
pear. The erosive action of steam and of gases is admirably treated in 
these notices of the voyage. As to the supposition formerly entertained, 
that steam mighthaveraised the beds of continents, this could only have 
taken x>lace when tlie thickness of the solidified crust was equivalent in 
weight to fourteen or fifteen hundred atmospheres; that is to say, to the 
maximum tension of steam. So that when the solid envelope was more 
than six kilometres (1 miles) in depth it could no longer be ruptured by 
the subterranean steam. We now know that this envelope is more than 
fifty or sixty feet in thickness. I have recently received from the royal 
astronomer of Scotland, Mr. Piazzi Smith, son of the admiral who has 
rendered that name so illustrions, a series of admirable photographs of 
the lava of the peak of Teneriffe. We still seem to see here in these 
excoriated masses the effect of the corrosive gases driven out by the 
laboratory of volcanic action, through the fissures formed by the trem- 
bling of the eiirth. In relation to these terrestrial convulsions, produced 
by chemical action, we involuntarily recall the death of Pliny, suflbcatcd 
in the dense gaseous eraption of Vesuvius, in the first centiuy of our 
era. 

I leave Vith regret the picture of the primeval world given in one of 
the scientific notices, if this excellent article were developed it would 
make two fine volumes. The technical words, even, are rendered intel- 
ligible. It shows tis the earth progressing in form iu proxwrtion as it 
cools, and pictures the ulterior forms of things. 
Et rciam panlatini Bumere fomias. 

It contains a representation — a very goo"! one, I should think — of the 
mode of action of the great geyser of Iceland, so closely observed by 31. 
Descloizeanx, which from time to time hurls into the air a column of 
hoiliog water equal in diameter to the orifice of the pits of a large mine, 
aod iu height to the towers of Sotre Dame. Banks aud Sotander cooked 
their fish in it. The merry hand of Prince Napoleon, sobered no doubt by 
■a ride of several hours on the gallop in the rain, followed by a bivouac in 
damp clothing, with the exception of a puuch made of the boiling water, 
indulged in none of the eccentricities suggested by solemn British 
phlegm. Our Frenchmen found at the geyser a touristy a young Lord 
Duflerin, with his tent, who had been waiting several days for one of 
the paroxysms of the volcanic well. It seems the arrival of our travelers 
decided the geyser; the fountain of boiling water shot up into the air 
higher than could be measured by the eyes of the spectators, who were 
stationed too near. The drawing of this beautiful phenomenon em- 
bellished the public exhibition in the Palais Itoyal. "Can it be cor- 
rectf asked the visitors, who examined this accurate crayon sketch. 
Id specifying what a geyser is, according to the theory which Captain 
FerriPisani offers iu regard to this volcanic eruption, I cannoc do better 
than compare it to an enormous manoscope of water, above the boiling 
point, when hurled into the air by the subterranean steam produced by 
the volcanic fires. Happily it falls directly back into the tube from 
whence it was momentanly expelled. After this excursion a bill of 220 
francs had to he paid for the grass eateu by the hundred horses of the 
cavalcade. Grass is very rare aud very dear in Iceland. But I must^ 
sooflne myself to scientific facta ii,K><^IC 
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Id connectiou witli Iceland and tbe volcaaic world, I may as well 
eicplain here the formatioa of Fingal's Cave, of which ray readers liave 
probably seeit uumcrous eugraviuga. In this deep grotto, which is 
ent«rcd by a bout, iiomeose basaltic columns rise to the right and left 
of the explorer to a great height, and support a roof formed of the 
.pendant remains of similar columns. The theory of the formation of 
' this natural curiosity is uot more complicated than that of our ordinary 
caverns. In the latter tbe primitive disturbance of the locality raised 
the rocky mass in one unbroken piece, except at tbe part corresponding 
to the mouth of the cave. There the stratum of rock disturbed did uot 
follow the part lifted up, and a separation consequently ensued between 
the itortioo raised and that remaining in place. This isso evidently the 
ease that traces may be found by close examination of the ftmner 
juncture of the rock forming tbe floor of the grotto, and that of its roof; 
corresponding creases and salient points in each attest their former 
union. Now suppose the same operation to take place in a locality 
covered with the beautiful basaltic colnmus formed by tbe contraction 
and solidification of the primeval lava. If while tbe larger part of the 
colonnade was elevated, a portion refused to follow tbe general move- 
ment, a cavity would be formed, the upper parts of the immobile col- 
umns would form tbe roof, and the lower p^rts which retaiued their 
original position would constitute the floor of the cave. Caverns of this 
kind exist in the sides of tbe basaltic hills, disturbed by tbe action of 
the ancient volcanoes of Au^■ergue. In most eases, as in tfle cave, or 
rather tbe caves of Fingal, for there are several of them, tbe basaltic 
rock, attained its greatest elevation immediately back of the opening of 
the grotto, which is consequently bigber in front than at the back. OiKsn 
moderately the long jaws of a hunting dog, and bis beautiful teeth 
above and below will give a very good idea of tbe divided trunks of tbe 
basaltic columns forming tbe ceiling and pavement of the grotto, while 
bis two fangs, extending from jaw to jaw, represent very well the 
columns which have remained intact, and support the vault formed by 
those which have been separated into two parts. 

The theory in regard to tbe fossil wood of Iceland, as given in the 
exposition of the voyage of La Reine Hortense, appears to me well 
worthy of confidence, and, as usual, one truth leads to another. If, for 
example, we admit that this wood was brought to the island by marine 
currents, the various elevations at which it is found may afford a 
valuable indication of the rising of the ground. The report of tbe 
expedition is silent in regard to the rising of the Faroe Islauds. When- 
ever a good measure is initiated by an expedition it finds continuators, 
and science is as much benefited by the work induced, as by that 
actually accomplished. Katurnl philosophy does uot lack encourage- 
ment and appreciation, and it pays in renown every attempt to assist 
its progress. It has been said science has no special pubUc, but the same 
may bo said of tbe pulpit and the bar. 

France ought not to forget that she is tbe Areopagus of glory. "If I 
dared," said Frederick the Great in a letter to Maupertuis, on the 12th 
of March, 1750, "I would say confidently to you Frenchmen what Alex- 
ander said to tbe Athenians: What i»ains I take to be praised by yon F 

It is evident from the nautical report that if La Beine Hortense was 
not crushed by the ice, it was not tbe fault of the temerity of tbe navi- 
gators, which was connteractc<l, it is true, by a most active and jadi- 
cions supervision. The poor Saxon, which carried supplies of coal, did 
uot escape as well. She suffered from the touch of a very gentle ice- 
berg. Happily she was not utterly destroyed. 1 congratulate myself 
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upou having remoustrated with the expedition ui>on the impnidence of 
sncli a cruise aloug the fast ice, which always piwluces fog, Howevw, 
our mariners, more skill^l even than imprudent, have retarued, and 
given us a beaatiful volume, which does not contain the half of what 
they could tell as. One thing is to he regretted, that is, the small num- 
ber of soundings taken. The question of transatlantic communication 
by means of a submarine telegraph renders very important the deter- 
mination of the depth of localities where the cable may be laid. The 
depths measured were generally great. 

Another voyage, that of an Americau, a visit to the people of the 
north, would deserve more than a simple mention of it by me if science 
held in it a more prominent place. Mr. Brace's book possesses the rare 
advantage of being written by a tourist who saw more than the inside 
of inns. He sought the people at home, to borrow a word from the 
title of his book. It is interesting to view the Scandinavian conntry 
through the eyes of a citizen of the United States, and I repeat that the 
author has brought us more than any other in contact with the people 
of every grade. "Paris seen in eight days" is the title of the guide- 
book given to strangers. Could anything be more absurd? Between 
an excursion to Versailles and an exhibition at the Hoyai Theater, we 
receive a visit from an English family, out of health, but with a fearful 
amount of curiosity to satisfy. After a few words atxiut their over- 
whelming fatigue, tboy set out again to see more, if seeing it can be 
called. An English tourist is repoiled to have t>aid to a compatriot^ on 
coming out of the picture gallery of the Louvre, "Ahl my friend, what 
an admirable collection ; 1 have taken an hour to see it, and you know 
I walk fast." But joking aside, Mr. Brace's work deserves to* be trans- 
lated into French. It possesses all that can be fovorably said of a book 
of travels. The number of those who publish works of this kind is to 
that of real observers, as the number of true poets is to that of mere 
verse-makers. 

Let us now conclude this review of the voyage of La Beine Ilortensc. 
The captain of the vessel, and the officers supporting him, under the 
direction of the head of the expedition, have given proof of a high degree 
of genius for arctic exploration. France should not allow such talent to 
be dormant. We know in what estimation Napoleon the First held lucky 
men ; he considered them especially skillful. Now our mariners were 
very lucky and also very skillful. Their ability ought to bo employed, 
and that in the line of their specialty. See what a very interesting 
region remains to be explored. 

In entering into the glacial sea on our meridian, but on the other side 
of the world, which is at noon when we are at midnight, throngh Beh- 
riug's Strait, we iind, by ascending to the north and west, in the Siberian 
seas, s basin extending to the islands called New Siberia, which has 
been but little explored. It is here that from time immemorial the race 
analogous to the Esquimaux of Europe and America have sought, everj- 
wiuter, the antediluvian ivory which rolls u|>ou our billiard boards, in 
conjunetiou with that of the contemporaneous elephants of Asia and 
Atrica. These islands were the catacombs of the primitive animal world. 
I had hoped that Frince UepiidofT, who promised us an expedition by 
land to Siberia, would have given us the key to this great enigma of 
nature; but a maritime expedition would be much more efficacious. An 
especial commission should be sent to Nijney-Eolymsk and the island 
discovered by Liakof in 1770. Something ought to be added to the 
knowledge obtained in 1804 of the mammoth preserved intact by the 
cold. Treasures of organic archeeology are hidden in the three or four 
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islands of the groap meDtioned. If, accordiog to M. Guizot, seconded 
by Mr. Airy, France is tbe pioneer of science, sbe oagbt Dot to be igiio- 
riiut of wbat it is in Iter power to know. 

I have not noticed various queations concerning the aurora boreaUs, 
terrestrial magnetism, gravity, and jthysical geographyj which this ex- 
pecbtion might solve, and I ask pardon for not having given these sug- 
gestions as those of MM. Duperrey and PetitrThonars, whose names 
wouhl have much more weight than uiy own; but in tbe domain of 
science the sovereign empire is that of truth. One curious fact amoug 
the observations of La Beine Hortense I omitted to mention, which is, 
that in tlie arctic seas visited the magnetic needle, which here points to 
the north, turued to the west, or even worse than that. M. Uuperrey 
should be furnished with tbe means of publishing his magnetic charts, 
which extend to 1860, and of thereby giving to the twentieth century, 
now 80 near, data for which not only that but centuries to come will be 
gratefol. 
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REPORT ON THE TRANSACTIONS OF THE SOCIETY OP PHYSICS ANB OF NAT- 
URAL HISTORY OF GENEVA, PROM JUNE, 18G8, TO JUNE, 18G9. 



By Dm. H. C. Lombard. 



liyaiulated for the Smitkioriiaii IniliUtion from tlui itumoiri of the tockty : Omeea, 1869.] 

I am aboat to perform the last act of the presidency with which my 
highly respected colleagnes have been pleased to honor tue, by render- 
ing an account of our transactions and of the changes which hare 
occurred in our society doring the academical year which now draws to 
an end. 

Death, that visitor who is almost always unlooked for, has rohbed us 
of several members, emeriti or honorary. In the first category, we 
recall M. Isaac Macaire, who, after being long one of our members in 
ordinary, was, at his own request, classed iu the number of the emeriti. 
In the second category, or that of honorary members, we have to record 
three individuals whose labors have contributed greatly to extend the 
boundaries of the natural and physical sciences, and whom we had the 
honor to number among our correspondents. I speak of MM. Von Mar- 
tins, Matt'Cucci, and Forbes. But if our ranks have sustained some 
losses, the vacancies thus left have been promptly filled, not, indeed, 
by savants already numbered, like the honorary members just named, 
in the first class, with whom our new colleagues would not excuse me 
for instituting a comparison, but by four members in or^ary, most 
of them young, and bearing names endeared to us by more than one 
title. One of these, Professor De La Harpe, already an a4iuDCt of the 
society under the title of associate, became a member iu ordinary in the 
course of the winter, after having read an original essay on a question 
of mathematics. Of the three others, who are still of an age which 
promises a longer career than remains for most of us, one has taken, 
after several years interval, the i>]su;e of a colleague regretted by each 
of us. It is with great satisfaction, therefore, that we have enrolled in 
our society a second Dr. Jean Louis Prevoat, devoted, like bis prede- 
cessor, to the researches of esi>erimental physiology. The second of our 
young members, M. Ernest Favre, in taking his place among as, renews 
the tradition of those geological researches which earned au honored 
name for his father, Professor Alphonse Favre. Finally, if the last of 
our young members, M. Edouard Sarasin, has no du:ect ascendauts in 
the cultivation of the sciences^ he nambers warm friends iu those par- 
Buits, who will aid him iu opening a path of his own in the physico-chem- 
ical studies to which he has earnestly devoted himself. 

After this summary review of our losses and acquisitions, let us recur 
to the former and briefly recount the labors of those whom death has 
removed from us. 

M. Isaac Francois Macaire was bom, in 1796, at Geneva, where he 
fulfilletl the cnstomarj' circle of academic studies. He succeeded his 
father as pharmaceutist, and availed himself of that circumstauce to 
apply moi-B especially to chemistry and the natural sciences. Wo need 
not recall here the obligations of chemistry to the laboratories of phar- 
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macy; it is Bnfflcient to name Scheele and Sir Humphrey Davy. Oui 
late colleague found, in Pyrame De Candolle, Gaspard De Ija Bive, and 
Alexander Marcet, Iriends and enlightened connsellors, by whom the 
first steps of his scientific career were greatly facilitated. Beceived, 
when very young, as a member of our society, (1821,) ho furnished fre- 
' qaent cooununications, which were printed in the Annales de Chimie el 
de Physique or in the Bibliothdque Univfrselle. His first essays were 
chiefly directed to the auiUysis of minerals and to researches in vegeta- 
ble physiology, in connection with which he gave especial attention to 
the autumnal coloration of leaves. His inquiry respecting the phospho- 
i rescence of the lampyris or glow-worm was widely noticed, as was also 
a memoir relative to the action of poisons on sensitive plants, which 
formed a sequel to the analogous researches of M. Franck Marcet. Id 
conjunction with the latter, Macaire couducted many interesting investi- 
gations on the composition of organic substances and on certain special 
questions in chemistry. Xamed, in 183C, adjnnct professor of medical 
chemistry, he gave at the academy a course of toxicology, as he had 
previously given courses on applied chemistry, before the Society of 
Arts, of which he was a member from 1830. He was, in addition, one 
of the most assiduous collaborators of the Biblioth^ue UniverseUe, for 
which he prepared numerous scientific articles, as well original as bib- 
liographical. 

Summoned in the midst of his scientific career to take part in the 
state councils, be yet found time, notwithstending his many administni- 
tive occupations, to cultivate his favorite science. Isaac Macaire be- 
longed to that generation of savants, daily diminishing in number, who 
were the first pupils of the distinguished professors by whom Geneva 
was adorned duriug the early years of tlie restoration, and who, conse- 
quently, bore a part in the awakening of the scientific movement of 
that era. ^he sacred fire then kindled was guarded by him with all 
that ardor for science which was the predominant characteristic of the 
I>eriod. He loved to recur to those happy times of his youth when the 
eminent men whom Geneva then possessed diffused an atmosphere of 
Intellectual good-fellowship which it was grateful to breathe. 

Of our three honorary members removed by death, the oldest was Dr. 
Charles Frederic Philippe Von Martius, who was bom at Erlangen in 
1794, and who became a member of our society in 1821. The name of 
this celebrated botanist is associated with his great scientific exi>edition 
to Brazil and with the publication of numerous and highly esteemed 
works which have largely extended our knowledge of the flora of the 
tropical regions. After having traversed the most remote parts of that 
vast empire and ascended the Biver Amazon to the irontiers of Pern, M. 
Von Martins, in company with M. Von Spix, transmitted to Europe the 
rich collections now deposited in the royal museum of Munich. The 
premature death of M, Von Spix threw the whole burden of editing and 
publishing this scientific Exposition on M. Von Martius; hence he was 
obliged to call to his assistance several collaborators and, among others, 
our fellow-countryman, M. Agassiz, who thus led the way, by the de- 
scription of the fishes of Brazil, to that more profound knowledge of this 
imineuse empire which he has a(^quired iu a more recent expedition; an 
expedition in which every facility for his studies as a naturalist was 
placed at his disposal by the liberality of the authorities of the couutry, 
no less tiian by the pecuniary aid of a wealthy citizen of the Uuiced 
States. 

But what has earned a distinBuiel*"'' -"-"a for Von Martius, besides 
his anfdytical genias, his odmirabl s, his spirit of general- 
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izatioa, are three great works, any one of which wonJd have sufficed to 
confer celebrity as a botanist. The Nova genera et species plantarum 
Bra»iliensium forms three volumes iu folio, illustrated by three hundred 
plates executed with great care. The Higtoria natvralui palmarum is 
also composed of three volumes in folio, embellished with two hundred 
and tbrty-five plates, mostly colored, and some of them represeutiug 
landscapes which show, together with the aspect of certain palms, the 
part which they fulfil in the vegetation of difl'erent countries. Lastly, 
the Flora bra«ilienai», a work also in folio, embellished with plates, has 
reached its sixteenth volume, and will bo continued under the care of 
Dr. Eichler and the auspices of the Brazilian goverument. 

Suchareafewof the works of M. Von Martius. It will be understood 
from this very incomplete enumeration why I felt authorized to say 
just uow that our society ^bs honored by counting so distinguished 
a botanist in the number of its honorary members. SI. Von Martius 
was iiermitted to continue his scientific labors to a very advanced age, 
retaining to the last the vivacity of his mind and that love of study 
which euabled him to accomplish so many valuable labors. But it has 
been our privilege to appreciate in the savant the man of kind feelings 
as well as shrewd observation through the extracts which Professor l)e 
Gandolle has communicated to us from his letters, in which humor dis- 
putes the palm with originality, while he expresses his thonghts Kome- 
times in French, sometimes in Latin; commencing a phrase in one of 
those languages and finishing it almost without transition in the other. 

M. Von Martius breathed his last December 13, 1868, at the age of 
seventy-five years, encircled with the esteem of his fellow-citizens and 
the respect of the botanists of all countries. 

The career of Carlo Matteucci was shorter, for he died at the age of 
fifty-seven years, when a long continuance of his scientific and admin- 
istrative labors seemed stili to await him. Devoted, like kis predeces- 
sors and compatriots, Galvani, Volta, Nobili and Mellonj, to the study 
of electrical phenomena, Matteucci communicated a strong impulse to 
the science which he cultivated with so much zeal. From the first, the 
chemical phenomena of voltaic electricity attracted bis attention, and 
he demonstrated, in 1835, that the interior chemical work of the pile 
is equivalent to its exterior work. He studied successively the propa- 
gation of electricity in liquids, whether in a state of continuity or 
separated into compartments by metallic diaphragms. But it was espe- 
cially by his researched on animal electricity that the name of Matteucci 
was rendered illustrious ; researches which, first directed to the torpedo 
and the electrogenous apparatus of that fish, which he discovered to be 
nnder the iufiuence of the fourth cerebral lobe, were afterward extended 
to other electrical animals, resulting in the detection of the curious 
phenomenon designated by him as inducted ctmtractum. These researches 
in electro-physiologj' had led M. Matteucci to recognize, not only in 
electric animals, but in all others, a muscular current wbose direction 
and intensity he made the subject of exact study. OKen in conflict, 
as regards these delicate inquiries, with a German savant, M. Dobois- 
Kaymond, he was under the necessity of greatly varying his experi- 
ments iu order to arrive at a clearer demonstration of the phenomena 
which served as a basis for bis Treatise on the electro-physiological phe- 
nomena of aniinals, published in 1844, and his Course of ekctrophysi- 
alogy, published in 1857. The death which we are thus called to record 
is that of an eminent physiologist no less than distinguished physicist. 
His name was enrolled in our society in 1834, and most of us preserve 
a lively recollection of his kindliness of manner and of the jadicious 
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remarks with nliich he accompanied the reading of the memoirs at the 
sessions in wliich we liod the pleasure of meeting him. 

At tb© mention of Professor James David Forbes we find ourselves 
in some sort at home, since, besides not a few investigations iu pure 
physics, a great part of the researches of this learned Scotchman had 
for their object our mighty Alps, with the glaciers which cover their 
summits and descend into their valleys. It was from no superficial 
inspection that Forbes described the geology of these mountains and 
the movement of the glaciers; like de Saussure, uiion whose labors be 
seems to have modeled his own, he has given us his Travels in the AJps, 
fouuded upon very numerous excursions, as stated by himself in a pre- 
fece written in 1840: "It was my privilege to receive, in earliest youth, 
the most vivid impressions from the contemplation of mountaiu scenery', 
and I have renewed those impressions in after-life, by traversing the 
chain of tbe Alps twenty-seven times by twenty-three different passes, 
aud exploring all the lateral valleys of the great 'central group of 
Europe." It was through these multiplied excursions, which were 
repeated nearly every year since 1843, that Forbes was enabled to 
deduce his theory of the movement of glaciers, which he compares to 
a river descending slowly into the valley. But his explorations were 
not limited to the Alps; they were extended to the volcanic regions, 
both ancient and recent, of the Gulf of Naples and of Ardeche, as well 
as to the glaciers and fiords of Korway. Unhappily, the first germs of 
consumption wore developed in his system during these lastrmentioned 
excursions; and it was this disease which conducted him to the tomb, 
December 31, 1868, at the age of fifty-nine years, after long sufferings, 
partially alleviated by intervals of comparative gowl health. 

Professor Forbes was a member of our society from the year 1833. 
He was often present at our sittings, giving us tbe earliest tVuits of the 
observations which he had just mode in the neighboring Alps and com- 
mnnicating them to the public through the medium of the Bibliotkique 
jjnicerselh, as well as the scientific collections of his native country. 
Some idea of the great intellectual activity of one who died when still in 
the flower of his age may be formed irom the fact that his biographer, 
M. Iteikie, has recorded the titles of one hundred and forty-two works 
or memoirs which he had published; of these I shall cite but one as 
specially interesting us, namely, a biographic notice of our colleague, 
Professor Necker, 



After these biographical and administrative detaUs let qb pass to the 
proper labors of our society, and commence with the physical and math- 
ematical sciences. 

5 1. — ASTKONUMT. 

Professor Gautier has continued to make the society acquainted with 
the progress of astronomy, and particularly with that remarkable class 
of recent investigations to which the employment of the spectral method 
has given rise. The o*b8ervatlon8 of the eclipse of the 18th of August, 
1868, as well as the study of the constitution of the suu, and other ce- 
lestial bodies, have formed the subject of the greater part of his com- 
munications. M. Soret has also occupied our attention with the chem- 
ical composition of the solar atmosphere, the exterior strata of which 
seem to contain only hydrogen and not a multiplicity of gases or vaitors, 
a fact which has been bronght forward by certain i)ersoiis aa an objec- 
tion to the theory by which M. Kirchoff has explained the black stripes 
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of the spectnim. But if it be admitted tliat in an assemblageof gases 
each of tliem may a«t singly, it would follow that the atmosphere of hy- 
drogen, by reason of the feeble specific gravity of that gas, mnst ex- 
tend much further than those of the other vapors, and form,cou8equ6ntly, 
the exterior envelope of the sun. 

§ 2.— Meteobology. 

Professor Gautier read to us an extended notice on the fourth year of 
the thermometric and ploviometric observations made at the seventy 
Swiss meteorological stations, and also on some other analogous labors 
of MM. Wolf, Plantamoar, Marguet, Hirscb, Fretz, &c. This notice, 
forming a sequel to those which M. Gautier had drawn up on the first 
three years of observation, has been pablished in the number of the Ar- 
chitita des sciences physiques et Ttaturelles for November, 1868. 

The meteorology of different regions has formed the subject of some 
interesting communications. Professor Marcet has related to as his im- 
pressions regarding the climate of Egypt, where he had resided for sev- 
eral mouths. Ue was especially struck, in ascending the Nile, at the 
excessive ditTerences which exist between the maxima and minima, 
according to the hours of the day. In the month of Janaary it was 
very difficult to support the heat of the suu at 27°, (80° F.,) or even at 
229 or 230 (72° or 73° F.) This is referable, doubtless, to the extreme 
dryness of the air. It scarcely ever rains, in feet, in Upper Egj'pt and 
Nubia. The assertion of Herodotus that it had not rained at Thebes 
since the time of Psammetichus, that is to say durlDg five centuries, 
is, no doubt, exaggerated, but it is not the less true that raiu is 
extremely rare in those countries. The dragoman of Mr. Marcet had 
seen rain fall bat once in flt^teen or sixteen years. The radiation 
prodaces an extreme coldness at the rising of the sun. It appears that 
at Ismaila, where many plantations have been formed since labor was 
commenced on the canal of Suez, it rains more frequently than of old. 
In higher Egypt and Nabia the sky is almost always clear. M. Mar 
cet observed clouds, but he believes that it was a misty appearance pro- 
duced by the Kamsin. 

A summary of meteorological observations made at Hay ti daring five 
years was communicated to us by Professor Gautier ; the extremes of 
temperature observed in that space of time were 13°, 5'', and 38°, (56°, 
410, and 10<P F.) M. Gautier has received the commencement ot ob- 
servations made, at his instance, on the coast of Labrador by the Mo- 
ravian missionaries, to whom he had sent thermometers prepared and 
regulated at Geneva. 

Professor Flantamour recounted to us the anomalies of temperature 
observ'ed at Geneva during the month of December, 1S6S. The mean 
was 7°.14, (45° F.;) beiug 6°.14 (43° F.) higher than for the previous 
forty-three years. During that period there had been but two moDths 
of Mareh and a single November in which the temperature was higher. 
So high a temperature had not been experienced for any mouth of Feb- 
ruary, nor a fortiori of January, but, again, there had been six Aprils 
in the same series of years which were colder. There fell In December 
155 millimetres (6 inches) of water, a quantity greater than that of all 
the years since 1826, with the exception of 1341. According to M. 
Wolf, of Zurich, the quantity of water collected at several stations of 
Hast Switzerland, especially at those of considerable elevation, from the 
middle of September to the end of October, 1867, exceeded a metre, and 
cases ooourred in which the quantity of water fhlling in the course of ' 
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twenty-four hours amonnted to 30 and 40 centimetres, (12 and 16 inches.) 
The inundations occasioniMl by falls of water so exceptional cannot be 
attribated solely to the removal of the forests from the mnuntaioH, how- 
ever unfavorable such clearings may be. Lastly, mention was mode of 
the shower of mud observed at Naples by Professor Claparede. The 
clouds, on tbat day, bad a peculiar aspect and seemed to bo formed of 
dust; muddy spots were left on the windows by the drops of rain. Gen- 
eral Dufour had witnessed at Corfu ahowei-s of mud which the inhabit- 
ants attributed to the wind of Africa. 

§ 3.— Mathematics akd Physics. 

Pure mathematics has been the subject of but a single memoir, which 
was read to us hy Professor De La Harpe. It is the first part of a trea- 
tise on the formation of powers, in which the author demonstrates that 
the higher powers are formed by differences. lie gives the formulas 
designed for the calculation of high powers and desiguates them by the 
general name of formula of the monome. This memoir was accompiinied 
by models iutended t« fiicilitate the understanding of the demonstrations. 

The geodesic labors undertaken hy Swiss savants have been continued 
during the year 1868. Professor Plantamour has communicated tons 
the result of the Swiss leveUngs, which embrace the whole of the west- 
ern part from Geneva to Basle. MAI. Plantamour and Hirsch have been 
engaged in determining for the difi'erent stations the numbers as referred 
to the stoue of Niton, which serves as the point of departnre, wbile the 
primitive data simply give the difference of level between two consecu- 
tive stations. The number of points for which the amounts have been 
thus estabhshed is 026. To that end, it was necessary to make a com- 
pensation for the errors in the system composed of a series of polygons, 
each of which ought to be exactly closed. One of the causes of error in 
a leveling of precision, the influence of which is very considerable in a 
country so broken as ours, is the variableness in the absolute length of 
the sights, according to atmospheric circumstances, the temperature, 
hygrometric state; and, from direct and numerous comparisons, this 
variation may amount to a ten-thousandth of their length, more or less. 

M. Plantamour gave an account of observations which he had made 
during a sojourn of nearly two months at Weissenstcin with a \iew of 
determining the astronomical co^ordinatesof that station. lie also read 
a memoir on the latitude of the Kighi Culm from observations made at 
that locality in 1867. The latitude was determined as well by the circum- 
meridian zenithal distances of stars as hy observations of their passage ia 
the prime vertical. The number obtained is sensibly greater than that 
indicated in the triangulation of Switzerland, which had been deduced 
firom the latitude of Iteme by the calculation of triangles. The differ- 
ence is easily explained by the attraction of the neighboring chain of 
the Alps situated to the south of the Bighi. 

The effects of lightning on trees have been studied hy Professor Col- 
ladon in the case of sixteen poplars, three oaks, a fir tree, and a vine. 
The poplars which were struck were seamed with furrows, greatly shatr 
tered, and stripped of bark and liber in the two lower thirds of the tree, 
the upper third being most frequently exempt from injury', probably in 
consequence of the greater conductibility of that portion of the branches 
and foliage. The poplar of Italy especially attracts lightning, for &I. 
ColladoD has seen it struck in preference to neighboring oaks and elms, 
thongh the latter were taller than the poplars. The e&ects of lightning 
on oaks are very diflferent from those jost described : the upper parts 
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arc always kille<], and one or two furrows may be traced descendiog from 
the summit to the soil. To the right and left of the furrow are seen 
two strips of alburnum deprived of bark, the width of which increases 
as they approach the ground. The eflects of the lightning which fell, 
on the 17th of July, on a flr tree in the city of Nyon were very remark- 
able. The stroke was preceded by the appearance of a luminous ball 
which moved along the surface of the ground at three or four yanls 
from the tree, an electric phenomenon often described by physicists and 
in particular by Arago. The flr was about 16.50 metres (54 feet) in 
height. In its upper part the leaves were scorched to the half of their 
length. The trunk showed no injiiry in its upper half, but below there 
were several very deep Assures and ten or twelve brownish and circular 
spots from 3 to 5 centimetres (I to 2 inches) broad, where the bark had 
been removed. The vine struck, in July, 18C8, presented a regular circle 
of 14 to 15 metres, (45 to 50 feet,) comprising about three hundred and 
fifty stems, on which nearly all the leaves were mottled with reddish 
and olive-colored spots. The intensity of this coloration increased on 
approaching the cenler. The props were neither burned nor broken. 
Dr. Miiller, who examined the branches and leaves of the vine-stocks 
reached by the lightning, found that there was no modification of the 
cellnles in the int«rior, and that the effect had taken place on the nitro- 
genized matter, and especially on the cambium. 

The memoir pf M. CoUadon was accompanied with designs, samples, 
and strips of the bark, which gi«atly contributed to the understanding 
of the effects of lightning on the trees. Professor l)e La Eive cited 
some observations iu coutirmation of those of M. CoUadon. He thinks 
that the spots observed are analogous to those of every electric dis- 
charge, and which are also circular. Their appearance would seem 
referable to the present* on the tnink of some foreign substance. 

Professor De La Hive communicated to us the result of the observa- 
tions of M. Wild on the absorbent power of light by atmospheric air, 
and gave us the analysis of the most recent investigations of JL Becque- 
rel and M. Tyndall on the physical and chemical phenomena of light. 
He called our attention to the observations which have been made at 
the observatory of Greenwich on the agreemeut of magnetic and galvano- 
metric curves. These curves are nearly identical, the otdy difference 
being the foUoiving : A point of a curve of the galvanometer always pre- 
cedes the corresponding point of the cur\-e of the magnetometer. 

M. Ed. Saraain communicated the result of his researches on the 
phosphorescence of rarefle<l gases after the passage of the electric spark, 
and particularly on the part borne by oxygen in these phenomena, 
{Archiren, March, 1860.) 

Professor Marigmic detailed his experiments on the heat of the vola- 
tilization of ammoniacal salts. He has arrived, by prolonged and minnte 
researches, at the conclusion that it is exceedingly probable that the 
salts of ammonium are, in great part, decomposed into their elements 
when voIatiUzed, (Archives, November, 1868.) 

Professor Wartmann, besides several reports on the memoirs pub- 
lished by other savants, gave an account of two luminous phenomena 
which he had had an opportunity of observing : First, a magnificent 
solar spectrum on the surface of the lake, seen on the road from Her- 
mancc, a phenomenon which could only be explained by a retraction fol- 
lowed by a refection of the solar rays by the waves ; secondly, a lumi- 
nous vertical column after the setting of the sun. This meteor, of which 
he published a notice in 1846, is susceptible of explanation by. vertical 
prisms of ice held in suspension in the atnw»ph©re. i A i (. K ><^ I C 
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M. Soret commnnicated the results of recent obflervatioiis m scAar 
radiation, the intensity of which at Geneva dniing several days of March 
wa« very coasiderable and exceeded that which he had observed in 
nunmer at an altitude of 3,000 metres, (10,000 feeL) The same member 
presented a memoir on the polarization of the bine light fit>m vater, 
which has, nnder this condition, an almost complete analogy with the 
lig^t from the sky, {Archive; May, 1869.) 

f i. — Chshistbt. 

M. Antoine Mono stated to ng the result of bis experiments on the 
alloys of gold, silver, and copper, a subject which intimately concerns 
onr maDufuctnres of jewelry and horology. The most osoal alloys are 
not only eomi>oands but a true chemical combinatioo, notwithstandiug 
the diflference of density of the gold and copper. There needs but simple 
fusion and retneltiiig three or four times to obtain an alloy so homoge- 
neous that the law allows only a deduction of yj^jj for those of gold and 
copper and of j^ for those of silver and co]i[>er. For this there is 
required a special force, which is chemical affinity, the infloence of 
which is demonstrated by a change in the molecular state of the metals 
alloyed. In calculating the specific weight of alloys, we find a number 
greater by an eighth or a ninth than the real density of alloys of gold, 
and by a sixth or a seventh than the alloys of gold and native silver of 
Colombia. The dififereuce is insignificant for alloys of silver and copper, 
but the homogeneity of the ingots is obtained witb more difficulty. The 
augmentation of volume of the metals which enter into the alloys of 
gold with silver and copper is not the only indication of a chemical com- 
bination. Tlie proportions which have been adopted in practice for 
jewelry of IS and 14 carats are closely approximate to the atomic num- 
bers which would form combinations of a definite proportion. The 
hypothesis tbat there is chemical union, and not simple mixture, seems 
to be confirmed by the analysis of natural alloys. In most of tbese the 
metuls are found in quantities corresponding to the exact numbers of 
equivalents. 

M. Mqrin has also been engaged in veril^^ the cause of the roc/utge 
which forms an accident in founding, and which consists in a rupture 
of the solidified crust of the metal accompanied by a jet of that which is 
iu fusion. Ue thinks that the rockage is a phenomenon of a chemical 
nature, as the metal ejected has not the same composition as the rest of 
the iugot. 

§ 5. — Geology and PAi^onTOLoaY. 

Professor De La Bive communicated to us a letter of Professor Agas- 
aiz on the existence of ancient glaciers of considerable height and extent 
in the greater part of North America, particularly in the region of the 
prairies. 

Professor Favre described the great moraines which the ancient gla- 
cier of the Bhlne has deposited oven in WUrtemberg. He gave an 
account, based on the researches of two geologists of Lyons, (MM. Fal- 
san and Cbartre,) of the erratic blocks deposited by the glacier of the 
Bhone between Geneva and Lyons, of the geological constitution of 
Mount Cervin, as studied in two successive ascents by M. Giordano, of 
the discoveries of U. Ohartre relative to the question of prehistoric man, 
&c. He exhibited to us a small erratic block of red porphyry, found in 
the environs of St. Julien, and, on several occasions, occupied our atten- 
•ioa with the remarkable repository of smoky rock-crystals, found at the 
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glacier of ^efen, near Gallenstock, in the canton of TTri. A fine fpronp 
of these crystals liaa heeu given by Madame Bevilliod D© La Kive to 
oar new lihrary and will form one of the ornameDts of the Revilliod bail. 

M. Emest Favre read a memoir on the fossil mollusks of the environs i 
of Lemberg, in Qallicia. The fossils described were furnished by two ■ 
principal repositories: ^agorzany and Lemberg. At the latter, the ' 
formation is constituted by a very fine and compact calcareous marl, 
forming a bank which exceeds 145 metres, (476 feet.) The rock of N»- 
gorzany is a yellow, hard sandstone, in thick banks, alternating with 
strata of soft limestone. M. Favre has recognized in his fauna one hun- 
dred and seventy well-distinguished species of mollusks. The cephalo- 
pods abound at Nagorzany. They comprise eighteen species, of which 
the most characteristic is the Belemnitella mucronata. Here also the 
gasteropoda are numerous and varied, amounting to one-half of the 
iauna. At Lemberg they are represented by only twenty-six small and 
scanty species. Of the acephala, forty-six species are found at Lemberg 
and thir^-iwo at Nagorzany. The brachioi»ods number eleven species, 
four of which are common to both localities. The fossil mollusks found 
in Oallicia- characterize the lower part of the chalk d Betemniiella mucro- 
Tiata, and, consequently, the senonian formation, presenting the greatest 
analogy with the chalbs of Westphalia, Luueburg, and the Isle of Bugen, 
as weU as with the senonian formations of Limburg, Hainault, and the 
basin of Paris, which aU number species common with those of Lemberg. 

M. De Loriol presented a memoir which he has recently published in 
conjunction with M. Gillieron on the urgonian stratum of Landeron. 
The fauna of this stratum forms a transition between that of the neoco- 
mian and that which characterizes the lower urgonian stratum. This 
&nna comprises a great number of Sponffitaria as well as numerous indi- 
Tiduals of a Comalula with single arms, pertaining to the new genus 
(^hiocrina. 

§ 6.— BoTAMT. 

The most prominent fact which has distiugnished our sessions, so far 
as botany is concerned, has undoubtedly been the liberal donation which 
Mad^e Delessert and her two daughters have made to the city of 
Geneva of the rich and celebrated herbarium of the Baron Francois 
Delessert 

This collection forms one of the twenty, or twenty-one largest herba- 
riums in existence, and it is especially remiirkable on account of the 
great number of specimens described and mentioned by ancient or mo- 
dem authors. Independently of the types described by Lamarck, La- 
biUardifere, Bichard, Falisot, De Beauvais, and others, which are in the 
general herbarium, it comprises moreover that of the Burmans, which 
includes the types of the older botanists, especially those of Thunberg 
and of the Bnrmajis themselves, besides a herbal of Lapland, collected 
and named by Linuseus. The plants of India, arranged by Wallich, 
form one of the most extensive collections which exist on the continent. 
This Delessert herbarium will be found in future in convenient prox- 
imity with the rich collections of MM. De CandoUe and Boissier, which 
were already of easy access to botanists, so that the one will be com- 
pleted bj Uie others, thus affording facilities for the most thorough 
study. 

It is to M. Alphonse de Giuidolle, than whom do one can better appre- "* 
date the importance of this gift to our city, that I am iDdebt«d for the 
above particolara. It was nom him also that the society received, on 
the authority of a letter bom M. De Gelaznow, director of the Agrical- ~ 
20B69 
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tural School of Peter the Qreat, a statement regarding the tai^e qnan- 
tities ia which the white truffle exists in the interior of Bassia. 

Dr. Miiiler gave an account of the investigatioDS of MM. Bomet aod 
Thuret respecting the fecundation of the Flimdea, from which resnlt 
two exceptional facts in the vegetable kingdom: First. The eflect of the 
male element takes place here on a complete cellule, provided with a 
cellulose membrane, and not on a protoplasmatic rudimentary c«iliiie. 
Second. The result of the fecundation does not show itself in the celltile 
which has received the contents of the antherozoids, the formation of 
the fruit or cystocarp being produced at some distance in another part 
of the female individual. To Dr. Miiiler also wo were indebted for the ei- 
hibition of specimens of a rare aquatic plant, of a fine rose-purple color, 
found at Evian on the pebbles at the bottom of a spring of alkaline and 
slightly ferruginouB water. The plant is the EUdebrandtia rom, var. 
fiuviatilu, Kutz, which, by its fructification as well as color, belongs to 
the class, almost exclusively maritime, of the Floridese. On this occa- 
sion the Bev. M. Duby spoke of another alga, which, aa observed by 
Dr. Welwitsch, covers at certain periods with a black crust the rocks on 
the western coast of Africa. 

M. Duby read a note, accompanied by plates, on certain species of 
exotic or little-known cryptogams. He describes fourteen new species, 
and five but little known^ pertaining to seven different genera. Of the 
new species one comes from the £aat Indies, three from Brazil, one from 
New Caledonia, four from Mexico, three from Chili, and two from Aus- 
tralia. On this occasion M. Duby stated that two new genera which 
have been introduced seem to be of doubtful authenticity ; these are the 
genera Avutremia and IHcraniella, which differ very little from the geuos 
JMcranum. The genus Campilopus has been separated from the genus 
I^icranum by the two following characters : Fiist, because the capsule 
is gyrose at the base; second, because the galete of fructification are 
fimbriated at the base. Other botanists hold these characters to be of 
no great value, and maintain that in the same genus species are found 
in which the galea is fimbriate, and others in which it is not so. 

M. Duby has examined the microscopic vegetables which have covered 
our l^ke at certain points and which were presented by M. De Saussure, 
on the part of Dr. Forel de Morges. The^ are grains of chlorophyllum 
formed in the algee and deposited during ramy seasons on the soil, whence 
they are borne by the waters to the lake. Dr. Miiiler gave an account 
of a memoir of M. Schumann on the DesdemiaeetB of the high Tatra. 

Tbeextraordinarywarmthof the month of December, 1808, occasioned 
in the month of February, 1869, the fioreseence wholly exceptional of 
forty-six different 8f>ecies whioh have been observed in our environs by 
M. Beater. 

§ 7. ZoOLoaT— Physioloot. 

Madame Delessert and her daughters have merited our gratitude not 
alone by the gift of the valuable herbarium already mentioned, but by 
the rare collection of sheila with which they have enridied our museum, 
and which will be one of the finest ornaments of our fUtore academic 
buildings. This collection has not only the merit of being very rich in 
reoiarkable specimens, but possesses a special scientific value in hav- 
ing served B6 a basis for the labors of Lamarck, who himself named 
most of the shells then existing in tlie Delessert collection. The entire 
donation has arrived without accident in our city and been deposited 
provisionally in the municipal school of Saint Gervais. Two of our 
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members, MJI. De Loriol and Lune], had repaired to Paris iu order to 
saperiutend the packing and transportation. 

M. Be Sanssnre preaeoted nsamemoirwbiclibebasjnst completed on 
tlie Orthoptera of the musenmof Geneva. The aathor thinks that there . 
has been an error heretofore in the appreciation of the segment iu the 
BlattiB described as the first abdominal segment, and that this segment 
pertains to the thoras. This opinion is not shared by M. Glaparede, 
who has often observed the soldering of certain segments, and who 
points out the difSculty of determining in driefl insects whether the 
segmeutfl are severed or not. M. I)e Saussure has, moreover, favored us 
.with a view of sundry specimeDS of Phasoni, which have no defense 
against their natural enemies, and only escape by a complete immobility, 
which canses them to exactly resemble twigs of dead wood. 

Professor Olaparede read to iis an interesting memoir Oii the Lumbrid, 
which will he printed in the Zeitschrift far wisseiuchaflUche Zooiogie. He 
communicated the recent discovery of an Italian savant who has recog- 
nized in the coloring matter furnished by an Annelid of the Gulf of Na- 
ples the chemical product lately detected in coal and designated by the 
name of Aniline. He has verified the presence of the same coloring ' 
principle iu the Fhridea and in the Murex brandaris; it was this latter 
mollusk which supplied the ancients with their purple. 

M. de Candolle presented a paper of M. Beinsch, inspector of mines at 
Ootba, who states that he has recognized microscopic organic remains, 
both animal and vegetable, in certain granitic rocks which have been 
repated until now to be of an igneoas or emptive nature. In connec- 
tion with this subject, Dr. Miiller mentioned a phenomenon which has 
some analogy with the preceding ; the existence, namely, of organized 
living creatures iu the water of the geysers of California, at a tempera- 
ture of 95°, {202° Fahrenheit.) 

H, I)e Saussure gave an account of researches into the deep-sea faunas, 
which M. De Pourtales, who accompanied M. Agassiz in his voyage to 
Brazil, has recently published. 

Dr. William Marcet communicated his inquiries into the anffisthetic 
effects of the inhalation of protoxide of nitrogen. He thinks tliis gas- 
by no means entitled to the name of exhilarating. The an^sthesis^ ob- 
tained in a very marked manner when the gas is respii'ed for one or 
two minutes, but it does not continue beyond two minutes ; after which 
every unpleasant symptom ceases completely. If, however, the inhala- 
tion be unduly prolonged, syncope and very serious accidents supervene. 
Dr. Sharpey, of London, who was present at the sitting, confirmed these 
results; be was confident that the inhalation of the gas for two min- 
utes at most is completely exempt from danger, and consequently very 
useful for short operations, such as the extraction of a tooth. But it is 
very hazardous to proloug the inhalation beyond two minutes. 

The president of the society recounted the results of a scientific in- 
vestigation, at which ho had assisted, having for its object the employ- 
ment of protoxide of nitrogen as an aoffisthetio agent. The recognition 
of its properties as such was unanimous, and its harmlessuess, provided, 
the inhalation be not prolonged, was likewise admitted. But its em- 
ployment was proscribed if the operation should require more than one 
or two minutes. The persons treated after this method in the presence 
of Dr. Lombard, presented no grave symptom nor any acceleration of" 
the pulse or respiration. The insensibility appeared to be complete, 
judging iirom the representations of those upon whom the operation was 
performed and who were interrogated with care by several physicians 
who assisted in the experimentB. 
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Dr. Prevost commnDicated to ns his researches Id experiments physi- 
ology relative to the seat of the sense of smell. This memoir has been 
published iu the March number (1869) of the Art^tvea des scientes phy 
siqiies et Tiaturelles. He also made us acquainted with the experiments 
which he bad performed at Paris and Berlin in the extirpation of the 
spheno-palatine gangUon, an operacion which, in the opinion of Dr. 
Schiff, must suppress the sense of taste in the anterior part of the 
tongue. The experiments in question gave, however, a negative result. 
M. Prevost also recalled the experiments of Dr. Waller on the atrophy 
of the peripheral nerves when separated from the central trunk. Ac- 
. cording to this learned physiologist, if the vidian branch of the lingual 
nerve received gustatory nervous fibers, this branch would be atrophied 
after the section of the spheno-palatine ganglion ; this, however, has 
not been found to be the case by M. Prevost, who has always found it 
unimpaired after the operation. 

Dr. Dot gave an account of new experiments made with a view to de- 
termine the velocity of the transmission of sensations. 

Dr. Gosse presented skulls found by Dr. Forel de Merges iu an an- 
cient cemetery near Saint-Prex. These skulls are artificially deformed 
for the purpose of producing a frontal depression. Similar cases had 
been previously observed by M. Troyon near Lausanne, and by M. Oosse 
near Kegny. This flattening of the front by means of a board was a 
national custom amoug certain tribes, and especially among the Avari. 
Depressed sknlls have been found at Vienna, in the Crimea, aud at Yan- 
■coaver's Island. A traveler in China relates that they occur also in 
Mongolia, in very ancient skulls. A memoir published at St. Fetera- 
borg designates them by the name of mwrocephalic, but this term might 
create some confiision with the Macrocephali of Hippocrates and Strtum, 
among whom the object was rather to produce protmsioD of the frontal 
bone. This frontal depression causes ordinarily a certain degree of 
prognathism ; it does not impair the fonctioiis of mobility, bat simply 
lowers the grade of intelligence. 

Such ia a summary review of the £acts which have occupied our ses- 
sions. It will be seen that they are alike numerous aud varied, and 
famish renewed testimony of the scientiflc zeal which still subsists 
among oa. May our unpretending labors have the effect of enlarging 
the field of human kuowledge, and consequently of promoting the di^ 
fusion of light in our country. We shall thus have accomplished, as far 
as depends on us, the purpose which presided at the foundation of our 
-socie^} a society whichalreadycoants nearly eighty years of existence. 
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CORONADO'8 MARCH IN SEARCH OP THE "SEVEN CITIES OP CIBOLA" AND 
DISCUSSION OP THEIR PROBABLE LOCATION. 



Bjr Brovet Brigadier QeDeral J. H. Simfson, Colonel of Sttginetrt, U. 8. A. 



The early SpaoislL explorations in Mexico in scarcli of tlie " seven citiea 
of Cibola " have always been of great interest to stadents of American 
history. Becent publications have drawn my attention anew to the 
vast geographical field embraced in the toilsome march of Vasquez de 
Coronado and his adventnrons followers, and, having in years past been 
engaged officially in the TTnited States service in exploring that remote 
region,'! have been tempted to reinvestigate tbe grand enterimse of the 
Mexican government in IMO, and venture to offer the following essay as 
an expression of my well-considered views, derived, in early life, from 
observation of the field itself, and confirmed by careful study of all ^e 
antborities within my reach. Besides this, friends, in whose opinion I 
trust, believe that my reconnoissances of a large part of the coontry 
traversed by Coronado and his followers give me some advantages in 
the discossion of this snbject over other investigators, who have not been 
favored by personal inspection and scientific location of the important 
jjoiuts embraced in the adventurers' march, so that I now submit my 
conclusions with less diffidence than I should have done had I not re- 
ceived in advance their cordial encouragemenc 

I must acknowledge my indebtedness to the library of the Peabody 
Institute of this city, to the library of tbe Historical Society of Mary- 
land, and to the private library of tbe president of this lost-mentioned 
society, Colonel Brantz Mayer, all of which have been thrown open to 
me in'my researches. I must also express my particular obligations to 
Colonel Mayer for the very vataable aid he has afforded me in tJie pre- 
paration of this article, by tbe use of his excellent translation (yet in 
manuscript) of Temanx Compans' version of the " Belatiou da Voyage 
de Cibola," entrepris en 1540, par P6dro de Castafieda de Nngera," pub- 
lished in Paris in 1838. 

■ The arrangement of the following essay is, first, a brief narrative of 
the march of Coronado trom the city of Mexico to the " seven cities of 
Cilwla" and the province of Qnivira, together with an account of the ex- 
j>edition8 of his subordinate officers, naval and military ; and second, 
the discussion of tbe subject of tbe location of the important places 
visited in the several expeditions ; and, in order to a clear understanding 
of the text, I accompany it with a map, for which, under my direction 
as to details of route, I am indebted to Mr. N. H. Iluttou, civil engineer, 
whose knowledge of New Mexico and Arizona, derived from his associa- 
tion with Generals Whipple and Parke, as assistant engineer, in their 
ex)>lorations in New Mexico and Arizona in 1853-'50, has been of mate- 
rial service to me. 

In the year 1530, NuiSo de Guzman, president of New Spain, was in- 
formed by bis slave, an Indian, from the province of Tejos, situated 
somewhere north from Mexico, that in his travels he had seen cities so 
large that tbey might compare with the city of Mexico ; that these 
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eities were seven in number, and had streets which were cxelasively oc- 
cupied by Tvorkers in gold and silver; that to reach them a journey 
of forty days through a desert was required ; and that travelers pene- 
trated the interior of that region by directing thou- atepa northwardly 
between the two seas. 

Nuuo de Guzman, confidently relying on this infounation, organized 
an army of four huntU'ed Spaiiiards and twenty thousand Indian allies 
of New Spain/ and set out in search of these seven wonderful cities; 
but, after reaching the province of Guliacan, he encountered such great 
difBcuIties on account of the mountains he had to cross th.it he aban- 
doned the enterprise, and contented himself with colonizing the prov- 
ince of Guliacan. 

In the mean time, the Tejos, Indian who had been his guide dying, the 
seven eities remained only known by name, tUI about eight years after- 
ward, when there arrived in Mexico three Spaniards named Alvar 
Nuiiez Cabega de Vaca, Audr^ Dorantes, and Alonso del Castillo 
Maldonado, accompaitied by an Arabian negro named Estevanico, (Ste^ 
phen.}t These persons had been wrecked with the fleet which Pam- 



* CastaDeda'a Relations, Teruanx Compans' Collections, Paris, 183ti, p. 2. Haklajt, 
qaotiiiK from a lctt<?r written by the Viceroy Antonio de H«uilo(a to the Empemi 
CbatiM V, says : " Nntio de Guzoiau departed out of tbe city of Mexico v'lih 400 
horsemen anil H,000 Indians." (Haklayt s Voyages, voL iii, p. 436, new ed. Loiidon, 
1810.) 

ITtiiB is according loCiietnDeda'saccoant; but accordins to thatof Cabefa do Voco, 
Tcruaux Compana' Collections, these persons arrived in Now Spain in 1536, or sis in- 
stead of cigbt years after Nnfio de Guzman's expedition. Tbeir adventures were so 
remarkable I eaoTiot refrain fhim saying somcthiDg about tbom : 

Pampbilo de Nnrvncz sailed from the West Inilies early iu 1528, Trith four hnndi«d 
men, oigbty bon*CB,aDd four ships, for tbopurposeof exploriug the countiy of Florida, 
of which bo had been made governor. He seems to have reached the harbor of Santa 
Cmz (sapi>osed to be Tampa Day) in April of that year, and on the Ist May debarked 
■with three hnntlrcd men, forty of whom were mounted, for tbe purpose of exploring 
the interior of tlio country. His course was northwardly, and ucneraily parallel to 
the coast. On the 3Gth June be reached an Indian town called Jj^aloc'ir, where he 
tarried twenty-five days. He then Joiinioyed in nine days to a place called Ante. 
Continniug his course tbencu westwardly for several days, his men became so dispirited 
Irom finding so gold, and on account of the rough treatment of the natives, that thcy 
retnmod to Auto, where, hearing nothing of tbeir ships, which bad been ordered to 
coast alone with tbcm and await their arrival at some good harbor, they constructed 
five small boats, in which two hundred and fifty of the party (aU who had not died or 
been killed by the nativcw) embarked, steering along the coast westwanlly for Fanaco, 
on the coast of Mexico. At length they reached the uioutU of a rivei\ the current of 
which was so strong as to prevent their making headway ag»inst it, and whose fresh 
water was carrieil on t some distance into the gull. About seven days after, while making 
their way with great difficulty westwardly, the boat comnjanded by Cabeca de Voc» 
was cast ou an island, calletl liy them Malhodo, (Misfortune.) A day or two nfler this 
Cabccn de Voca's boat and all the others were capsized in a storm od' the island of 
Uslhodo, except that of the governor of Narvaez, which seems to have drifted ont 
to sea, and, with its crew, was never afterwanl heard of. Those of the party that 
were not drowned remained on the ishind of Malhado and main land a^ljac^nt for six 
years, and cndnred from the ludlau.s, who had enslaved them, the greatest indignities. 
From this cause, and from starvation and cold, the greater portion of Ihein died. At 
-length four of tliem, (thoso mentioned in tbe text above,) all that probably survival, 
escaped from their houdage, taking in their flight a northern course, toward the 
mountains, probably, of Northern >\labainA. Thence their course was westwanlly 
across the Missiaaippi (which was doulitlces " the great river coming froui tho Kortb, 
spoken of by Cabe^a) nud Arkansas rivers, to the neadwaters of tlic Canadian, which 
they seem to have crosaed just above the great cailon of that river, (whcro Corooado 
crossed it in his outward route to Quivm^ of which more in the seq^uel;) thonc« 
southwestwardly through what is now New Mexico and Aristona to Culiacan, in Old 
Mexico, near the Pacific CoaJit, which they reached in the spring of li)3G. JSee narra- 
tive of Alvar NutSez Cabeca de Vac.i, translated by Buckiugbam Smith, \yashtnclot), 
l^il ; and, in confirmation of the above specified crossing of the CaEslUian Krer, 
" The Helations of Castaiicda, by Ternaux Compans," p. 1200 

Mr. Albert Gallatin, in his essay, vol. "-ansactions of American EtbDO- 
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philo de ITarvaez bad cooducted to Florida, and after crossing the 
country from one sea to the other ha<l reached Mexico. 

The tales they told were quite marvelous. They stated to the then 
iriceroy, Don Antonio de Mendoya, that they had carefully obseryed the 
country through which they had passed, aud had been told of great and 
powerful cities, containing houses of four or five stories, &G. The vice- 
roy communicating these declarations to the new governor, Francisco 
Vasguez de Coronado, the latter set out with baste to the province of 
Caliacan, taking with him three Franciscan friars, one of whom, by 
name Marcos de Ni5a, in the language of the chronicler Castauedn, was 
theologian and priest. As soon as be reached Caliacan he dispatched 
the three Franciscans, with the negro Stephen before mentioned, on a 
journey of discovery, with orders to return and report to him all they 
could ascertain by personal observation of the seven celebrated cities. 
The monks, not being well pleased with the negro on account of his 
excessive avarice, sent him in advance to pacify the Indians through 
whose country he had previously passed, and to prepare the way for the 
snccessful prosecution of their journey. Stephen, as soon as be reached 
the country of the " seven cities of Cibola," demanded, as Castaiieda 
says, not only their wealth hut their women. 

The inhabitants not relishing this killed him and sent back all the 
others that had accompanied him, except the youths, whom they retained. 
The former, flying to their homes, encountered the monks before jnen- 
tioned, in the desert sixty leagues from Cibola.* When the holy fathers 
heard the sorrowful iutdligeuce of the death of Stephen, they became 
so greatly alarmed that, no longer trusting even the Indians who had 
accompanied the negro, they gave them all they possessed except the 
ornaments used in the celebration of the mass, and forthwith returned, 
by double-days' journey, without knowing more of the country than the 
Indians bad told them. The monks returning to Culiacan, reported 
the results of their attempted journey to Coronado, and gave 
him such a glowing description of all the negro had discovered aud of 
what the Indians had told tbem. "as well as of the islands filled with 
treasnre, which they were assured existedin the Southern sea,"! that he 
decided to depart immediately for Mexico, taking with bim Friar Mar- 
cos de Ni^a, in order that he might narrate all he had seen to the vice- 
roy. He also magnified the importance of the discovery by disclosing 
it only to his nearest fViends, and by pledging them to secrecy. 

Arrived at Mexico, he had an interview with the viceroy, and pro- ' 
claimed everywhere that he had found "the seven cities" searched for 
by Nuno de Guzman, and busied himself with preparing an expedition 
for their conquest. Friar Marcos having been made, through the influ- 
ence of tho monks, the provincial of the Franciscans, their pulpits re- 

lo^cal Society, atatea that the river referred to above, whose cnrreat was bo strong 
' ond which Nttrvaez'a party conld not irt«iii,wa8the MiasiMippi: bat thia ianot tho view 
of Mr. Smith, who has laid down tho roates of Narvaez and party aa exteadiug no 
'further west than Zw^/Eicer, which lies to the eastward of the Mississippi Biver. Ilia 
idea, however, that the island of Santa Bosa, at the mouth of Peusacola Bay, was 
Malbado, I think eironoons, for the reason that Cabe^ a de Yaca expressly saye this 
island was " half a league broad and five leagaes (or seventeen miles) long," whereas 
Santa Rosa Island, according to the maps, is as much as forty-seven miles long. It is 

Ejssibte, however, that by accretions ttio island may have attained this length sinco 
abeta do Voca was wrecked upon it. 

• So snys Castafleda : bnt Marcos de Nieaj in bis account of his journey, distinctly 
states that he approacned so near the city of Cibola that from a high elevation ho could 
see the houses, and gives quite a particular description of them. (Belation .of Fiisa 
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sounded with the marvels of discoveries to such an extent that in a few 
daya three hundred Spaniards and eight hundred Jndiaug were assem- 
bledfor the enterprise. Among tbe former were a great many gentle- 
men of good family, and probably there never had been an expedition 
in which there was such a large proportion of persons of noble birth. 
Francisco Vasquez de Coronado, the governor of New Galicia, was pro- 
claimed captain general, becaase be was the author of the discovery, 
luid the Viceroy Mendoga did all he could to foster the enterprise. 

Believing that if the army marched from the city otMexico in a bmly 
the Indian allies would probably suffer, the viceroy appointed the town 
of Compostella, capital- of New Galicia, one hundred and ten leagues 
from Mexico, as the place, and Shrove Tuesday, 1540,* the time of ren- 
dezvous- The troops having left Mexico, he ordered Don Pedro d' Alar- 
con to aepart for La Nativitod, on the coast of the " Southern Sea," and 
with two vessels to go to Jalisco to take the supplies which the soldiers 
could not transport. After performing that duty he was to follow the 
march of the army along the coast, for it was believed, according to the 
ijien received accounts, that the army would never be distant from the 
vessels, and would always be in easy communication with them by 
means of the rivers.t 

All these dispositions having been made, the viceroy departed for 
Compostella wirti a large body of gentlefolks. Everywhere he was re- 
ceived with great &)lat, and when be reached' Compostella he found the 
army well lodged and entertained by Christoval d'Onate, captain general 
of that count^. 

He reviewed the troops, by whom he was received with great rejoic- 
ing, and the next day after mass harangued them. He told them of 
their dnties and of the advantageous result that this conquest woald 
produce, not only on their fortunes, but by the conversion of the nations 
they would conquer, as well as for the service of his M^esty, who on 
his side promised them his bounty and additional favors. Finally he 
caused every one to be sworn on a missal containing tbe Holy Evangels 
not to abandon their general arid to obey all his commands. 

Tbe next day tbe army with banners flying tflok up the line of march. 
For two days the viceroy accompanied it, and then retamed to Mexico. 
Mo sooner, however, had the viceroy left tbe army than it began to ex- 
perience all the hardships incident to a wild, mountainous country. The 
baggage bad to be transported on horses, and, as many soldiers bad 
never been accustomed to load them, they made sorry work of it. The 
consequence was that a great deal of their baggage was abandoned, and 
in order to get along at all many a gentleman had to become a mule- 
teer, and they who shirked irom this necessary labor were regarded by 
their companions as lacking spirit 

Coronado arriving at Chiametta with his army, met at that point 
Captains Melchior Diaz and Juan de Saldibar, who with a dozen reso- 
lute men, by Coronado's orders, bad explored the country as far as Chi- 
chilticale, which is on the border of the desert and two hundred leagues 
tcom Cuhacan.f These officers gave in secret to the general such a dole- 

* CaHtoCeda'B Relationa, Tern 
nnax CompaoB has remarked ii , . 

letter of the viceroy to the Emperor Charles V, reporting tbe organizatioa uuil progress 
of the eipedition, bean date April 17, 1540. 

t According to "LosTrva Siglaa de Mexico, torn. I, Mexico, lg3G," p. 139, "Meudo^a 
disiintched .fiarcon, with two shipB, to observe the coast as far us the 36tli degrue of 
latitude, with iuBtnictiona to make li'cqueDt embarkations aud to join the army at that 
height." 

t Caataneda gives in one place two haudred leagues as the distance : and in anotlvr, 
two hundred uti twenty leagues. See his Bel. Temaux Compans' Cot, pp. 13, S9. 
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fill account of the country they bad pasaed through, that, it leaking out, 
many in the army began to lose heart ; and it was only by Friar Marcos 
de Nica insisting upon it, that the country was a good one, and that 
they Sionld not leave it with empty hands, that they were persuaded to 
contione the march. 

The day after Eaater, the army took up its march for Culiacau, at 
which place they were well received by the citizens and furnished witi 
all necessary supplies. This was the last town inhabited by Spaniards, 
and, therefore^ the last irom which they could gather provisions, except 
from the Indians with whom they might meet in tbeir further march. 
It is represented by Gastaueda, as being two hundred and t«n leagues 
fo>m the city of Mexico.' 

After resting a couple of weeks at Culiacan, Coronado led the advance 
of his army, consisting of ilfty cavaliers, a few infantry, his particular 
friends, and the monks, leaving the rest of the army with orders to march 
a fortnight after, and to follow his path. As Oastaueda, describing his 
progress, expresses it, " when the genaral had passed through all the 
inhabited region to Chichilticale, where the desert begins, and saw that 
there was nothing good, he could not repress his sadness, notwithstanding 
the marvels which were promised further on.' No one save the Indians 
who accompanied Qie negro had seen them, and already on many occa- 
sions they had been caught in lies. He was especially afflicted to find this 
Ohichilticale, of which so much had been boasted, to be a single, ruined, 
and roofless house, which at one time seemed to have been fortLBed. It 
was easy to see that this house, which was built of red earth, was the 
work of civilized people who had come from afar. 

"On quitting this place they entered the desert. At the end of fif- 
teen days they came within eight leagues of Cibola, on the banks of a 
river which they named Vermqo, ih consequence of its red and troubled 
water. Mullets resembling those of Spain were found in it. It was 
there that the^st Indians of the countrywere discovered; but when 
these saw the Spaniards they ded and gave the alarm. During the nigUt 
of the suGOeeding day, when not more than two leagues from the village, 
some ludiane who were concealed suddenly uttered such piercing cries 
that our soldiers became alarmed, notwithstanding they pretended not 
to reganl it as a siu^rise ; and there were even some who saddled their 
horses the wrong way, but these were men who belonged to the new 
levies. The best warriors mounted their horses and scoured the coun- 
try. The Indians, who knew the land, escaped easily, »nd not one of 
them was taken. On the following day, in g«)d order, we entered the 
inhabited country. Cibola was the first village we discovered ; on be- 
holding it the army broke forth with maledictions on Friar Marcos de 
Ni^a. God grant that he may feel none of tbem ! 

" Cibola is built on a rock ; this village is so small that, in truth, there 
are many farms in Kew Spain that make a better appearance. It may 
contain two hundred warriors. The houses are bmlt in three or four 
stories ; they are small, not spacious, aud have no courts, as a single 
court serves for a whole quarter. The inhabitants of the province were 
anited there. It is composed of seven towns, some of which are larger 
and better fortified than Cibola. These Indians, ranged in good order, , 
awaited us at some distance from the village. They were very loth to 
accept peace ; when they were required to do so by our interpreters, 
they menaced us by their gestures. Shouting our war-cry of Sant lago, 
we charged upon and quickly caused them to fly. 



* CostalledA'a Rel., Teinanx Conpaiu' Col., p. 149. 
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"Novertheleaa, it wns necessary to get possession of Cibola, which was 
DO easy achieTement, for the road leading to it was both narrow and 
winding. The general was knocked down by the blow of a stone as he 
/ -mounted in tlie assaultj and he would bavo be^u slain bad it not been 
for Garci Lopez de Card,ena8 and Hernando d'Alvarado, who threw them- 
selves before him and received the blows of the stones which were de- 
signed for him and fell in large numbers ; nevertheless, as it is imt>os- 
sible to resist the first impetuous charge of Spaniards, the \'lilage 
was gained in less than an -hour. It was found filled with pTOvisions 
which were much needed, and, in a short time the whole proviuce was 
forced to accept peace."* 

The main army, which had been left at Guliacan under the command 
of Don Tristan d'Arellano, followed Coronado as directed by him, 
every one marching on foot, with lance ih hand and carrying supplies. 
AH the horses were laden. Slowly and with much fatigue, after estab- 
. lishing and colonizing Sonora, and endeavoring to find the vessels under 
Alarcou already referred to, by descending the river, in which they 
failed, the army reached Cibola. Here they found quarters prepared 
for them and rgoiced in the reunion of the troops, with the exception 
of certain captains and soldiers who had been detached on explorations. 

Meantime, Captain Melchior Diaz, who had been left at Sonora, placed 
, himself at the head of twenty-five choice men, and under the lead of 
guides directed his steps towards the southwest iu hopes of discovering" 
the coasts. His course was probably down the Rio Sonora, and not 
finding the vessels there he doubtless marched northward, keeping as 
close to the coast as the rivers woTild permit him. After traveling 
about one hundred and fifty leuguesf it appears he arrived in a country 
in which there was a large river, called Rio del Tizon, whose mouth was 
two leagues wide. Here the captain learned that the vessels under 
Alarcon had been on tho sea-coast, at a distance of three days' journey 
irom that place. In the language of Oastaijeda, " When he reached the 
ipot that was indicated, and which was on the bank of the river more 
than fifteen leagues from its mouth, he found a tree on which 
was written 'Alarcon has come thus far ; there are letters at the foot of 
this tree.' They dug and found the letters, which apprised them that 
Alarcon, after having waited a cert^iin length of time at that spot, had 
returned to New Spain, and could not advance farther because that 
sea was a gulf; that it turned around tho Isle of the Marquis, which had 
been called the Isle of California, and that California was not an island, 
but a part of land forming the gulf."!: 

It appears that after a good deal of difficulty and a threatened attack 
from the natives, the party cros9ed the Rio del Tizon, on rafts, somi- five 
or six days' travel higher up, and continued its journey along the coast. 
Quoting from Castaiieda, " When the explorers had crossed the Rio del 
Tizon, they continued following the coast, which at that place turns to- 
ward the southeast, for this gulf penetrates the land directly toward 
the north, and the stream flows exactly toward the mouth from north 
to south." 5 No better description could be given of the relative posi- 
tion of tho Gulf of California, with respect to the Rio Colorado flowing 
into it from the north, than the foregoing. 

This expedition was terminated by the death of Melchior Diaz, which 
occurred in a very singular manner, as follows : " One day a grcyhoimd 
belonging to a soldier attacked some sheep which the Spaniards were 

* Caata&eda's RelatioDs, Tonianx Compana, pji. 40, 41, 42, 43. 
t CastafiL'dn's Relations, Temaox ConipiuiB,p. 49, . ,-w-i,i|,j 

, tCaBtoQcda'sBelations, TernauxCoiopauB, pp. CO, 51. (Ibid, p. TW'^'^ 
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driving with them to serve aa food in case of need, vr'hea Oaptain Mcl- 
chior Diaz tbrew his lance at the beast, in order to drive him off. Un- 
fortunately the weapon stack in the ground with the point uppermost, 
and as Diaz could not rein in his horse, who was at a gallop, quickly 
enough, it pierced his thigh through and through, and aeverecl his blad- 
der. The Boldiers at once decidE^ to retrace their steps, taking their 
wounded chief with them. The Indians, who were always in rebellion, 
did not cease attacking them. The captain lived about twenty days, 
during which he was borne along with the utmost difficulty. When, 
at length, he died, all bis troops retnrned in good array, (to Sonora,) 
without the loss of a single man, and after traversing the moat dau- 
gerons places."* 

In this connection it may be interesting bi give some aeconat of Alar- 
con's discovery of the Bio Colorado. It will be recollected that he was 
ordered by the Viceroy Mendo^a to follow the march of the army with 
his vessels along the coast of the Southern 9ea, as the Pacific Ocean 
was then called. From his relation to the viceroy 1 1 gather the following: 

On the dth of May, 1540, Fernando Alarcun put to sea from La Na- 
tivitad, in command of two ships, the Saint Peter and the Saint Cath- 
erine. He put into the ports of Xalisco and Agnaival, (respectively the 
ports of ComifoBtella and Ouliacan,} and finding Coronado and his army 
gone &om this last-mentioned place, he continued his course northwardly 
along the coast, taking with him the ship St. Gabriel, which he found 
there laden with supplies tor the array. At length arriving towaixis the 
upper end of what was till then believed to be a strait separating an 
island trom the main land, but which ho discovei'cd to be a gulf, (the 
Gulf of California,) he experienced great difficulty in navigating, even 
with his small boats; and there were some in the expedition, he remarks, 
who lost heart and were anxious to return, as did Captain Francisco de 
TJllva, with his vessels, in a former voyage of discovery. Alarcon, it 
seems, however, had the necessary pluck, and, agreeably to the orders 
of the Viceroy Mendo9a, he was determined to make his explorations as 
thorough as possible. After incredible hardships he managed to get 
his vessels to the bottom of the gulf, ("at* fond du gulfeP) Here he 
found a very great river, the current of which was so rapid, that they 
could scarcely stem it. Taking two shallops and leaving the others with 
the ships, and providing himself with some guns of small caliber, on 
the 26th of August, 1540, he commenced the ascent of the river by haul- 
ing the boats with ropes.^ On his way he met a large number of Indians, 

* UaBtoIleda'B Relations, Tcmaux Compima, p. 105. 

tTernaux Comnnna' Coll., p. 299-348. 

IThe moat reliable information in relation to the Colorado River mill bo found iu the 
report of Lieutenant Ives's ascent of tl;at strefun in 1858. (Ex. Doc. No. — , 31!tli Coa- 
gress, Ist session.) ••.•••■.•. 

" !ES:om his account the region at the mouth of the Colorado ia n flat expanse of mud, 
and the channels that aSord entrance from tbe galf are shifting und changeahlo. For 
30 miles above tbe mouth the navigation is rendered periodicallf dangerous by tbo 
strengtli and magnitude of the spring tides. 

"Between the tido-water and Fort Yuma, which Is 150 miles from the mouth, the 
principal obBtructJons are sand-bars, continually shifting, hlwinj: in some places but 
two feet of water upon them. There are DO rocks, but snags arc numerous although 
not very dangerous. 

"For 180 miles above Fort Yuma the navi^tionissimilnr. Tbo river passes througl 
eeveral chains of hills aod mountains, forming gorges or canons, sotnctiuios of a con 
siderablc size. In these there is generally a better channel than in the valley. 

" 111 Ibo next 100 miles gravelly liars are froqiient, with many strotches of Kood river 
and although the bad places aro worse, the channel ie better than below. For the sue 
ceediug 50 miles there are many swift rapiils. Tbo river bed is of ooftrae gravel and 
aand, and there are some dangerous sunken rocks. The Black CaSon, wMoh is 25 miles 
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who mode signs to him to retnm down the river, but by good manage- 
ment he BO appeased them that he was enabled to reach a distance 
above the mouth of the river, such that in two and a half daj-s, on his 
return to the ships, on aeconnt of the swiftness of the current, he made 
the same distance be had in fiiteen aud a half days in asoendiag the 
river. On this expedition he learned &om the Indians be met, some 
particulars of the death of the negro Stephen, before referred to, at 
Cibola, and of there being white persons like themselves at that place, 
who doubtless belonged to Coronado's army. Alarcon was, however, 
unable to communicate with the army on account of the desert inter- 
vening between them, and the great distance they were apart 

Be&tting all his shallops this time for a second voyage op the river, 
he left its mouth on the 14th of September, bat was no more saccessfui 
in this than in his former expedition in communicating with Coronado. 
Having, therefore, reached as far up the river as he thought expedient, 
he planted a cross at that point, and deposited at its foot some letters, 
in the hope that some persons of Coronado's army, searching for news 
of the vessels, might find them. These letters, it has already been stated, 
were found by Melchior Diaz on the Bio del Tizon, called by Alarcon 
the " Bon Guide," after the device of his lordship Don Antonio de Men- 
dof a, and at the present day the Kio Colorado. 

At the end of Alarcon's relatiou to the viceroy he reports tiiat he 
found the latitude, as given by the " patrons and pilots of the U^qois 
del Valle," wrong by two degrees ; that he had gone further by foor de- 
grees than they, and that he had ascended the river a distance of eighty- 
five leagues.* This report of Alarcon's is very interesting from ite great 
particularity and the many incidents it gives of the expedition ; it shows 
also that be was fully equal to the trust committed to him, and that 
no explorer could have done more to carry oat the orders of the Viceroy 
Mendo^a. 

We will now return to the army under Coronado, at Cibola. Iliis 
general immediately set to work to explore the adjacent country. Hear- 
ing there was a province in which there were seven towns similar to 
those of Cibola, he dispatched hither Don F^dro de Tobar with seven- 
teen horsemen, three or four soldiers, and Friar Juan de Padilla, a Fran- 
ciscan, who had been a soldier in his youth, to explore it. " The runiM 
had spread among its inhabitants tliat Cibola was captured by a very 
fcrociooB race of people who bestrode horses that devoured men, and as 
they knew nothing of horses, this information filled them with the greatest 
astonishment."! They, however, made some show of resistance to the 
invaders in their approach to their towns, but the Spaniards charging 
upon them with vigor, many were killed, when the remainder fled to the 
houses and sued for peace, offering, as an inducement, presents of cotton 
stuff, tanned hides, fio|ir, pine nuts, maize, native fowls, aud some 
turquoises. 

These people informing the Spaniards of a great river on which there 

it tlio rapids are numerous ond difficult. Calvillo is soiae 
" " (Letter of GcneriU A. A. Humphrej™, Chief 



o( Corpe of Engineers United States Arnif, to Socretaif of War, Juuo '2i, 1868, 
aunualreportfor 1868, part 2, p. U95.) - 

* Alarcon's orders from tlie Viceroy Mendoga, as before atated, in a not«, were 



explore as high as the Sfith degree of latitude. Accordiug to his oiru nccoant of tbo 
diataucu bo went up the Rio del Tizon, (Colorado,) he must have explored ns fkr as 
about the 34tb itcgree, and if he viont no higher up than wher« Melchior Dioi found 
the tree, at the foot of which wore letters from Alarcon, showing that tliera wac Um 
highest point to which be had attained, the highest latitude he reached most have been 
ouly about the 33d degree. 
.tCastiAeda's B«Iations, Temaox Compans, p. 59. 
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^ere Indians living, vbo were very tall, a report of the same on his 
return to Cibola was made by Don Pedro de Tobar to Corooado, wbo 
Bent out another party consisting of twelve men, under Don Garci-Lopez 
de Cardenas, to explore this river. It appears from CastaSeda's Eela- 
tioDs that the party passed throngh Tnsayan again on ita way to the 
river and obtained from its inbabitants the necessary supplies and 
guides. 

After a jonmey of twenty days through a desert it seems they reached 
the river, whose banks were so high that, as Castaneda expresses it, 
*' they thought themselves elevated three or four leagues in the air. 
For three days they marched along the banks of the river, hoping always 
to find a downward path to the water, which from their elevation did 
not seem more than a yard in width, but which according to the Indi- 
ans' account was more than half a league broad. But their eftbrts to 
descend were all made iu vain. Two or three days afterward, liaviog 
approached a place where the descent appeared practicable, the cap-* 
tain, Melgosa Juan Qaleras, and a soldier, who were the lightest men in 
the party, resolved to make the attempt. They descended until those 
who remained above lost sight of them. They returned in the afternoon 
dedaring that they had encountered so many difficulties that they could 
Dot reach the bottom ; for what appeared easy when beheld from aloft, 
was by means so whsn approached. They added that they compassed 
about one-third of the descent, and that from thence the river already 
seemed very wide, which confirmed what the Indians stated. They 
assured them that 6ome ro^ks which were seen from on high, and did 
not appear to be scarcely as tail as a man, were in truth loftier than the 
tower of the cathedral of Seville." 

Castaneda, after describing the fbrtber progress of the exploring party, 
goes on to say: "The river was the TizoD (Colorado.) A spot was 
reached much nearer it« source than the crosstng of Melchior Diaz aud 
his people (before referred to ;) and it was afterward known that the 
Indians which have been spoken of were the same nation that Diaz saw. 
The Spaniards retraced their steps (to Cibola) and this expedition bad 
no other result"! 

During the march they met with a cascade faUing from a rock. The 
goides said that the white crystals hanging aronnd it were formed of 
salt. They gathered and carried away a qoantity thereof, which was 
distributed at Cibola.^ 

* For 300 milp& tbo cut odgca of the table land rise abruptly, often peiponilicnlarlf , 
ftom tbe water's edge. formiDg woUs from 3,000 to 6,000 feet in beight. Tliis ia tlio 

Est caBon of the Colorado, tbe most magnificent gorge aa well as the grandest geo- 
ical section of which we have any knowledge. 

AgatD, tbe caDon of tbe Colorado at the moath of Qrand Biveriabut a portiuu of the 
BtupendoDB chasm which its waters have cut in tbe strata of tbe table landB, and of 
which a general deecription bas been given. At this point its walls have an altitude 
of over 3,000 feet above tbe Colorado, and the bed of the stream is about 1,300 feet 
above the level of the sea, or 500 feet higher than those in tbe Block CaBon. A few 
mUes farther east, where the snrface of the table lands has an altilndo of nearly 7,000 
ibet, the dimensions of the cation become far more imposing, oud its cliffs rise to the 
height of more than a mile above the river. (Report of LlenteDant Joseph C. Ives, 
Corps of Topographical EnKineeia United StatM Ann;, npon tbe Colorado River, 
16a7-'58, Senate Ex. Doc 30& Coqeicbb, lat session. Qeology, chapter v, p, 42 ; Chap- 
ter Ti, p. M.) 

t Castaise^'a Belations, Teraanx CompaDS, p. 64. 

t liientenant Ives speaks of having fouud salt on tbe Flax BJver, which Cardenas, 
paxty nndonbtedly crossed or followed : 

" At noon to-day we came to the object of our seorob— a well-beaten Indian trial' 
running toward the north. Camp was pitched at the place where it strikes the F]a£ 
Biver, and it is tbe intention to moke tbe second attempt to-morrow to penetrate the - 
nuexplored region. Near by are sevcrnl salt springs, and scattered over the adjacent 
•tufue are crystals of ezccUent salt." (Report of Lienteoaut Itm, p. 117.) 
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I have thna briefly described the explorations which were made by 
Coronado and bis captains, aa far as Cibola, ou the northern edge of the 
great desert northward of Cbichiiticaie } the branch expedition of Mel- 
cliior Hiaz frpm Sonora northwestward to and around the head of tbt> 
Gnlf of Oalifomia, after crossing the Tizon (Colorado,) in search of tlie 
vessels; the exploration of the river Tizon, by Alarcou, in boats 
for a distance of 83 Spanish leagues,* or abont 290 miles, above its 
mouth ; the espedition of Don Pedro de Tobar from Cibola to Tusayan, 
lying to the northwest of Cibola twenty-five leagues ; and the exploration 
of Don Garci Lopez de Cardenas from Cibola through Tusayan west- 
wardly to the deeply cauoned river Tizon. I shall now give in as few 
words as I can some account of Coronado's subsequent explorations to 
the eastward of Oibola. 

While the discoveries above mentioned were being made, some In- 
dians living seventy leagues towards the east, in a province called Cicuy6, 
arrived at Cibola. There was with them a Cacique, surname Bigotes 
(Mustaches) on account of his wearing these long appendages. They 
bad beard of the Spaniards, and came to offer their services and their 
friendship. They offered gifts of tanned skins, shields, and helmets^ 
which the general reciprocated by giving them necklaces of glass beads, 
and bells, which they had never before beheld. They informed taim of 
tK>ws, because one of these Indians had one painted on his body." Cas- 
taiieda goes on to say, but "we would never have guessed it, from 
seeing the skins of these animals, for they are covered with a frizzled 
hair, which resembles wool;"! thus showing that they certainly were 
buffaloes. 

The general ordered Captain Hernando d'Alvarado to take twenty 
men and to accompany these Indians, but to retom in eighty days to ren- 
der an account of what he niight have seen.. Alvarado departed with 
them, and ''five days after they arrived at a village named Acuco,'boilt 
on a rock. The inhabitants, who are able to send about two hundred 
waiTiors into the field, are the most formidable brigands in the province. 
This village was very strongly posted, inasmuch as it was reached by 
only one path, and was built npon a rock precipitous on all its other 
sides, and at such a height that the ball from an arquebuse could scarcely 
reach its summit. It was entered by a stairway cut by the hand of man, 
which began at the bottom of the declivitous rock and led up to the vil- 
lage. This stairway was of suitable width for the first two hundred 
steps, but after these there were a hundred more much narrower, and 
when the top was finally to be reached it was necessary to scramble up 
the three last toisea by placing the feet in holes scraped in the rock, and 
as the ascender could scarcely make the point of his toe enter them he 
was forced to cling t« the precipice with his hands. Ou the summit 
there was a great arsenal of huge stones, which the defenders, without 
ex^wsiug themselves, could roll down on the assailants, so that no army, 
no matter what its strength might be, could force this passage. There 
was on the top a sufficient space of ground to cultivate and store a large 
supply of com, as well as cisterns to contain water and snow."} 

i?Le Indians here, as at Tusayan, traced lines on the ground, and for- 
bade the Spaniards to pass over them; but seeing the latter disposed 

■Common Spimish league equals 342 Amcrinui miles. (United Stales OidnaDce 
Uanna].) 

t CastaBcdt^ BelatioDBjTernaax Compaos, p. 68. " n oat ioi la question desbieone, que 
I'lUittittt norome toqjonrs men*. Je me semroi dordnavaDt da mot de bison." (Note 
by Tcrnaux Corapans.) . - t 

t Castaficda's BelatiODB, Teroanx Compaas, pp. 66, 69, 70. r n.d bv LjOOQIC 
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for ail attack, they quickly sued for peace, aud presented to tlieir con- 
querors a snpply of birds' bread, tauued deer-skins, pine-nuts, seeds, 
floor, and corn. 

Three days' journey thence Captain Alvarado and party reached a 
province called Tignex, ^here, on account of Bigotes, whom the inliali- 
itiiuta knew, they were received very kindly; and the c;iptaiii was so 
well pleased with what he saw that he sent a messenger to Corouado 
inviting him to winter in that country, which pleased the general greatly, 
as it made hira believe that his affairs were groiving better. 

Five days' journey thence, Alvarado reached CicuytS, a village very 
strongly fortified, and whose houses had four stories. He repose«l here 
'With his party some days, when he fell in with an "Indian slave who 
was a native of the county adjacentto Florida, the interior of which 
Fernando de Soto had lately explored."* 

This Indian, whom they called it Turco, (the Turk,) on account of his 
resemblance to the people of that nation, spoke of certain large towns, 
and of large stores of gold and silver in his country,t and also of the 
country of the bisons, (buffaloes.) Alvarado took him as a guide to the 
bison country, and after he had seen arfew of tbem he returned to Tig- 
oex to give an account of the news to Coronado. 

In the order of events, Coronado, who had remained at Cibola with 
the main body of the army, hearing of a province composed of eight 
towns, took with bim thirty of the most hardy of his men and set out 
to visit it on bis way to Tignex. In eight or eleven days (the narrative 
is here obscure) be reached this proviuce, called Tutabaco, which ap- 
pears to have been situated on the Rio de Tigues, below the city of Tig- 
nex, for Castaileda expressly states that he afterward ascended the 
river and visited the whole province until he arrived at Tiguex. The 
eight villages composing this province were not like those of Cibola, 
built of stone, but of earth. He also learned of other villages still fur- 
ther down the river. 

" On his arrival at Tiguex, Coronado found Hernando d' Alvarado 
with the Turk, and was not a little pleased with the news they gave 
him. This Indian told him that in his country there was a river two 
leagues wide, in which fish as large as horses were found; that there 
were canoes with twenty oarsmen on each side, which were also pro- 
l>elled by sails: that the lords of the land were seated in tbeir stems 
upon a dais, while a large golden eagle was affixed to tbeir prows. He 
added that the sovereign of this region took his aiesta beneath a huge 
tree, to whose branches golden bells were hung, which were mug by 
the agitation of the summer breeze. He declared, moreover, that the 
commonest vessels were of sculptured silver ; that the bowls, plates, and 
dishes were of gold. He called gold acockia. He was believed bet^ase 
be spoke with great assurance, and because when some trinkets of cop- 
per were shown bim he smelt them, and said they were not gold. 
He khew gold and sflver very well, and made no account of the other 
met^s. Tbe general sent Hernando d'Alvarado to Cicnyd to reclaim 
the golden bracdets which the Tnrk pretended had been taken li«m 
him when he was made prisoner. When Alvarado arrived there the 
inbabitaots received him kindly, as they bad done before, but they pos- 

* CastaAeda's Belations, Temanx Compons, p. 72. The baain of the UiaBissippi River 
and tribntoriea, in former dafs, weio ioclnded in Florida b; the SpAniardB. (See note, 
p- 90.) 

tThe conntry of Qnivira, which Coronada, aa will be Been in the Mqnel, rlsited, and 
which, being adjacent to Florida, as stated above, most have been situated in the coun- 
try tribntiuy to the Hiasouci or Hlsaisaippi, and not near the Bio Qrande, as some com- ; 
mentatora have anpposed. 
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itively aiSrmetl tliat tbey had do knowledge of the hracelets, and 'they 
assured him that the Turk was a great Uar, who deceived him. Alva- 
rado, seeing there was nothing else he could do, lured the chief, Bigotes, 
and the Ca«iqne under bis tent, and caosed them to be chained. The 
inhabitants reproached the captain with being a man withoat faith or 
friendship, and lamicbed a shower of arrows on him. Aix'arado con- 
duct«d these prisoners to Tigaex, where the general retained them more 
than six months."* 

This affair seems to have been the beginning of Goronado's tronbles 
with the Indians, which were subsequently increased by his exacting 
a largfe quantity of clothing, which he divided among his soldiers. 

Two weeks after Coronado left Cibola for Tigaex, agreeably to his 
orders, the anny under the command of Don Tristan a' Arellano took up 
its march from that place for Tiguex. The first day they reached the 
handsomest, and largest village in the province, where they lodged. 
" There they found houses of seven stories, wliieh were se«n no- 
where else. These belonged to private individuals, .and served as 
fortrexsea. They rise so far above the others that they have the appear- 
ance of towers. There are embrasures and loop-holes &om which lances 
may be thrown and the place defeuded. As all these villages have no 
streets, all the roofs are flat, and. common for all the inhabitants ; it is 
therefore necessary to take posai^ion, first of all, of those large houses 
which serve as defenBe8.''f 

The army passed near the great rock of Acnco, already described, 
where they were well received by the inhabitants of the city perched 
on its summit 

Finally it reached Tignex, where it was well received and lodged. 
The good news given b^ the Turk cast their past fatigues into oblivion, 
though the whole province was found in open revolt, and not withont 
cause, for on the preceding day the Spaniards had burnt a village; and 
we have already seen that the imprisonment of Bigotes and the Turk, 
and the exactions of clothing by Coronoda, had also very greatly exas- 
perated them. The result of all this was that the Indians generally re- 
volted, as tbey said, on account of the bad faith of the Spaniards, and 
the latter retaliated by burning some of their villages, killing a large 
number of the natives, and at last laying siege to and capturing Tiguex. 
This siege lasted fifty days, and was terminated at the close of Id-lO.} 

After the siege the general dispatched a captmn to Chia, which had 
sent in its submission. It was a large and populous village, four leagues 
west of the Tiguex River. Six other Spaniards went to Quirix, a prov- 
ince composed of seven villages. AU these villa^s were at length 
tranquilized b^ the assiduous efforts of the Spaniards to regain the 
confidence which they had justly lost by their repeated breaches of 
faith ; but no assurances that could be given to the twelve villages in the 
province of Tiguex would induce them to return to their homes so long 
as the Spaniards remained in the country ; and no wonder, for no more 
barbarous treachery was ever shown to a submissive foe than had been 
shown to these Tigueans by these faithless Spaniards. 

So soon as the Tiguex River, (Rio Grande,) which had been frozen for 
four months, was sufficiently free from ice, the army took up its march 
on the 5th of May, 1511, to Quivira, iu search of the gold and silver which 

'CaataBeda'B Bclations, Tenumx Compans, pp. 76, 77, 76. 

iCastaAeda'B Relations, Temanx Compans, p. 00. 

tCnstaDeda &aya 1542, evidently au error, aa may be ascertaioed by accounting tot 
the time couHnmeil by tbe army in its maich from Chiametla, which it Icil on tbo next 
day after EMt«r, 1540. (See ante, p. IS.) 
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the Turk bad oaid conld be foand there. Its route was via Cicuy4, 
twenty-five leagues distant. The fourth day after leaving CicuyiS and 
crossing some moofltains it reached a. large and very deep river, which 
passed pretty near to Cicuy^, and was therefore called the Eia do Cicuy^. 
Here it was delayed four days to build a bridge. Ten days after, on 
their march, they discovered some tents of tanned bnfialo skins, inhabited 
by Indians who were like Arabs, and who were called Querechaos; 
continuing their march in a northeastwardly direction they soon came 
to a village hi which Cabe^a de Vaca and Dorantes (mentioned in the 
first part of this paper) had passed through on their way from Florida 
to Mexico.' The army met with and killed an incredible number of 
buffalojf and after reaching a point 250 leagues (850 miles) from Tignex, 
the provision giving out, Coronado, with thirty horsemen and six foot- 
soldiers, continued bis march in search of Quivira, while the rest of the 
army returned to Tiguex under the command of Don Tristan d'Arellaiio. 
The narrative goes on to say : " The guides conducted the general to 
Quivira in fwty-eight days^ for they bad traveled too ranch in the direc- 
tion of Florida. At Quivira they found neither gold nor silver, and 
learning fi-om the Turk that he had, at the instance of the people of 
Cicuy^, purposely decoyed the army far into the plains to kill the horses, 
and thus make the men helpless and fall an easy prey to the nativss, 
and that all he had said about the great quantity of silver and gold to 
be fouud there was false, they strangled him. The Indians of this 
i-egioM. so far fh)m having large quantities of gold and silver, did not 
even know these metals. The Cacique wore on his breast a copper plate, 
of which he made a great parade, which he would not have done had he 
known anything about those precious metals. The army, as stated 
above, retreated to Tiguex before reaching Quivira. They took as 
, guides some Teyans,' through whose country tbey were passing, and 
I were led back by a much more direct way than that they pursued in 
coming. These Teyans were a nomadic nation, and being constantly in 
the pursuit qf game knew the country perfectly." It is narrated they 
guided the army thus : Every morning tbey watched to note where the 
sun rose, and directed their way by shooting an arrow in advance, and 
then before reaching this arrow they discharged another ; in this way 
they marked the whole of their route to the s^iot where water was to be 
found, and where they eucaniped. "The army consumed only twenty- 

' It will bo recollected that it waa on infonnation given by these persons and tiro 
others, Maldooado and the negro EsteToi), that this expedition wns founded. (See 
ante p. 310.) 

tThe fctlioiring minnte and graphic description of the boffalo, seen by Coronado and 
\hirianny, is taken from Oomara, as quoted in Uaklnjt'a Toyages, vol. iii. "These osen 
are of the bi?nMS and color of our bulls, bnt their horns are not so grwit. Thoy havo 
a gieat bancb upon their fore-shoulders, and more hair upon their fore port than on 
their hinder part; and it is like wool. Tbey have, aeit were, a horse mane upon their 
backbone, and mnchhair, and very long ttom the kneesdownwanl. Tbey have great 
tnfta of hair hanging donn their foreheads, and it seemetb thoy havo beards, because 
of tbo greutstoro of liair banging dotvn at tbcir chins and tbroala. Tbo males have 
Tery long tails, and a great knob or Sock at the end, bo that in somo respects they 
resemble the lion, and in some other the camel. Tbey push nilh their honts, tbey run, 
they overtake and kill a horse when they are in their rage and anger. Finally, it is a 
fierce beast of conntenanco and form of body. The borsos fled from them, either be- 
cause of tbeir deformed shape, or else because tbey had never seen them. Their mas* 
t«r8 have no other riches nor Bubstance : of tbem they eat, tbey drink, tbey apparel, 
they shoe tbcms^vcs ; and of their bides tbey make many things, as hoases, shoes, 
apparel, and ropes ; of tboir bones they make bodkins ; of their sinews and hair, thread; 
of their horns, maws and bladders, vessels; of their dung, lire ; and of their calf skins, 
budgets, wherein tbey draw and keep water. To be short, they make so many things 
of Uem as thoy have need of, or as may suffice them in the use of this life," t 

21SC9 -.OOgIc 
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f 

five days on tbe jonrney, a,uA eveo tben mnch time was lost. The first 
dme it had taken thirty-seven days."* 

" On the road they passed a great number of salt marshes Trhere there 
was a considerable quantity of salt. Pieces longer than tables and four 
or five inches thick were seen floating on the surface. On the plains 
they found an immense number of small animals resembling squirrels, 
and numerous holes burrowed by them in the earth."f These animals 
were most nnquestipnably the little prairie-dogs whose villages have 
been so naively described by Washington Irving and George Wilkins 
Kendall. On this march the army reached the river Cicuy<^, more than 
thirty leagues below the place where they had before crossed it by a 
bridge. They then ascended the river, by following the banks, to the 
town of Cicuy6. The guides declared that this river, the Cicuy^, (no 
doubt the Pecos,) at a distance of more than twenty days' journey, 
threw itself into that of Tiguex, (the Bio Orande,) and that subsequently 
it flowed toward the east. Castaueda goes on to say: " It is believed 
that it (the Tiguex) joina the great river of Espiritu Sancto (Mississippi 
Biver) that the party of Hernando de Soto discovered in Florida."t 

.The army under Arellano reaching Tiguex, on its retuiii I'rom the 
prairies in the month of July^ 1541, this ofBcer immediately ordered 
Captain Francisco de Barrio-Nuevo to ascend the Bio de Tiguex (Bio 
Grande) in another direction with some soldiers on an exploring expe- 
dition. They reached the provinces, oue of which, comprising -seven 
villages, was called Hemes ; the other, Yuque-Yunqne. 

Twenty leagues (68 miles) furi^her in ascending the river, they came to 
a large and powerful village named Braba, to which the Spanianis ^ve 
tlie new title of Valladolid. " It was built on the two banks of the nver, 
which was crossed by bridges built with nicely-squared timber.''§ The 
country was very high and cold. From Braba the exploring p^y re- 
tamed to Tiguex. Another party, it seems, went down the Bio de Tig- 
uex (Kio Grande) eighty leagues, where they discovered four large vd- 
tagee, and " reached a place where the river plunged beneath the gixtuud ; 
but inasmuch as theit orders confined them toa distanceof eighty leagues, 
they did not push on to the place where, according to the Indians' accounts, 
this stream escapes again &om the earth with considerably augmented 
volume." II 

* Castaneda'a Belations, pp. 133, 134. 

i CoBtoGeda's Bebitions, Teniaux Compana, p. VH. 

t " Vakious names of Toa MiaaissiPPi River. — I remember to bnve seeo in tbe 
cooTBe of my readin); the following ludian, Spanisli, and French names applied to tbe 
river MiaeiBsippl ; and it may be well to record thorn in joiiT niacaziDt' for preiieTrn- 
tiou, and pmbably to bo aagmented in number by other etndeatsM Amerirnn history: 

"Indian tuanei, — Mice — king of rivers; Mescha-Sibi-Hescbii, great and fiibi Biver; 
Namosi-SipoB — Fish River; Okimo-cbitto— Great W»t«T path— a Cboct^iiame; Hissec- 
eeepo: Meact-chaaaipi — old father of rivers, accordiag to Du Pratz; MalboncbiA, 
aocordine to IbeTvillu. 

"FYendt. — Riviere do 8t. Lonis; Biviere de Colbert ; Miesiasippi. 

"SpanMi. — Bio Grande; Hio Grande del Esplntu Santo; Eiodo laEiilata; BiodoI» 
Falisada ; Rio do Chnchoqus. 

"TboVomci Ptotemyof I5131ay8itdowD,oi, at leant, marks a river without a name, 
at tbo8it«of itsemboucbuie. Orbus Ty pis, 1515 ; PlGoda's map, 1519; otlicr Ptolemies, 
1525 ; Cabe^a de Vaca sa\r it in 1528. De Soto crossed it in Jnne, 1541. and died in 
Louisiana, on the west bank of the Mississippi, opposite tbe mouth of tuo Dig Black 
River, May 21, 1512. 

"BRAftTZ HAYEE. 

" Baltimore, October 15, 1857." 

—(See Historical Magazine, vol. 1, p. 342.) 

i CostADeda's Belations, Temaoi Compans, p. 139. 

Q CaataAeda'a Relations, Temanx Compans, p. 140. Hr. d.lbert Gallatin, commoDtiDg 
on this pnasage, uys ; "The asscrtioD that tbe nver vraa lost under grotuid was amistoke. 
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We shall now retam to Coronado, whom we left nt Qnivira. It appears 
that, in consequence of his not arriving at Tiguex at the expected time, 
Don Tristan d'Arellano set out in seaj'ch of him with forty horsemen. 
At Cicuy^ the inhabitants attacked Don Tristan, by which ho was de- 
layed four days. Hearing of the approach of Coranado, be contented 
himself with guarding the paases in the vicinity of the village till the 
arrival of the general. Castaiieda says that, " notwithstanding he hml 
good gaides, and was not incumbered with baggage, Coronado was forty 
days in making the journey from Quivira."* From Cicuy6 he journeyed 
to Tiguex, where he went into winter quarters, with the intention iu the 
spring of pursuing his discoveries by pushing his whole army toward 
Quivira. 

" When winter was over Coronada ordered the preparation to be made 
for the march to Qnivira. Every one then began to make his arrange- 
ments. Nevertheless, as often happens in the Indies, things did not 
turn out as people intended, bat as God pleased. One day of festival 
the genend went forth on horseback, as was his custom, to run at the 
ring with Don Pedro Maldonado. He was mounted on an excellent 
horse, bat his valets having changed the girth of his saddle and having 
taken a rotten one, it broke in mid-course and the rider unfortunately 
fell near Don Pedro, whose horse was in full career, and in sprin^ng 
over his body kicked him in the he^d, thus infiicting an injury which 
kept him a long while in bed and placed him witliin two htigers of 
death."* 

The result of this was that being of a superstitious nature and hav- 
ing been foretold by a certain mathematician of Salamanca, wlio was 
his friend, that he should one day find himself the omnipotent lord of a 
distant country, hut that he shoultl have a fall which would cause his 
death, he was very ansioas to hasten home to die near his wife au<l 
children. From this time, Castaueda states, that Coronado, feigning 
himself to he more ill than he was, worked upon his soldiery in so subtle 
a way as to induce the greater part of them to petition him to return to 
New Spain. They then began openly to declare their belief that it was 
better to return, inasmuch as no rich countrj- had been fonnd, and it 
■was not populotis enough to distribute it among the army. The geuei-al, 
finding no one to oppose him, took up his line of march ou his return to 

This was, andoubtedlj, tbe place Id latitnite 31° 39', n'here tbo Rio ilnl Noric, cuUiag 
throagh the monubiius, empties into a deep and impassable caQon. fmm which it emerRes 
aomc distance bolon, aa bas been before stated." <See TransactioaH of American Etbno- 
loffical Society, vol. ii, p- 71.) 

Mr. Gallatin, thoagh usaally very judicions in his remarks, I think is at fault here. 
The caose af the river disappearing at the paint referred to, and then i»)pcaring again 
further down, was not on account of its entering a cnBOn, which the Spnnioms could 
have noticed and not been deceived about, bnt because the Rio Tigtiex, (Rio Grande,) 
like moat of tbe rivers which 1 have seen on tbe plains and in Now Mexico, is liable, 
when very low, to be lost in its sandy bed, and then to appear again further down, whore 
the sand is not sufficient to absorb it. It is on this account, as I have seen, when the 
beat of the son a<Ide<l its potent influence to cause a river to disappear through the 
day, that during the night, when this inSiience did not, prevaU, it would again appear 

Humboldt refers to a disappearance of the Rio Orande, which appears to have taken 
place abont the same locality, and also attributes it to a wrong cause. " Tlie inhab- 
itants of Paso del Nort« preserve the memory of a vei-y oxtmordinary event which 
occurred iu the year 1T52. They saw, all at once, the river became dir, thirty leagnes 
above, and more thau twenty leagues helow, El Paso; the water of the river precipi- 
tated itself in a newly-furffied crevasse, and did not appear again above ground until 
yon reach the Presidio do San Elezario." (Humboldt's Essai Politique gar le Boyaume 
do la Nouvello Hispagne, edition ISIt. p. 303.) 

'Caetanoda's Relations, Temaux Conipans, p. 1-12. .-. r 

tCwtalieda's Relations, Temaax Company, p. SOS. DigiiizedbydOOQlC 
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Mexfco in the beginning of April, 1542. He retnrnffd l^ the way of 
Cibola and Cbicliilticale, as he had come. At length, after skirmisbing 
with the Indians, in which a number of their men and horses were killed, 
the army reached Culiacan. From this place Coronado departed for the 
city of Mexico, to make his report to the viceroy, only about one hun- 
dred of his army continuing with him. " Gastaiieda says he was badly 
reeeivetl by the viceroy, who nevertheless gave him a discharge; yet he 
lost Ms reputation and soon after his government of New Galicia also."* 
Thus ended this great expedition, which for extent in distance trav- 
eled, dnration in time, extending from the spring of 1540 to the sonimer 
of 1543, or more than two years, and the multiplicity of its codperating 
branch explorations, equaled, if it did not exceed, any land expedition 
that has been undertaken in modem times. 



Having given a general account of the rontes pursued by Coionado 
and his army and of the track of the transport vessels under Alar- 
con, I will now proceed to fix definitely, so far as I have been enabled, 
the position of the several important places mentioned by Castaneda 
and other chroniclers. 

The first important point after leaving the city of Mexico is Gompos- 
tella^ where the army rendezvoused preparatory to its setting out on its 
expedition. This {loint reached, the army, in an organized condition, 
took up its line of march along the foot of the west base of the Sierra 
ifevada in the direction, west of north, as tar as Sonera, on the Sonora 
Biver; from this place its coarse was most probably more directly 
towards Chicbilticale, or northerly, through the moautains, as far as 
the plains of the lower portion of the Kio Santa Cmz, over which it 
continued its march to Chicbilticale. 

The towns of Gompostella, Culiacan, Cinaloa, and Sonora, points of 
the routes, are laid down from the " military map of the United States," 
recently issued from the office of the Chief of Engineers United States 
War Department. The other points are laid down from data obtained 
as follows: Chiametla, from "American Atlas, by Mr. Thomas Jeffreys, 
London, A. T>. 1775 ;" Fetatlan, 30 leagues north of Culiacan according 
to Castaneda,! and four days' journey according to Jaramillo.^ 

With regard to the position of the town of Corazones, it is difficult, on 
account of the vagueness of the narratives of Jaramillo and Coronado, to 
fix it. Jaramillo speaks of it as having been situated about five days' 
journey northwardly from the Yaquemi Biver, and conveys the idea 
that it was near or on the Bio Sonora.§ CastaSeda says, " to the lower 
part of the valley of Sonora is that of the Corazones, inhabited by 
Spaniards." || Again, " Don Tristan decided to fonnd and colonize a 
town called San Hicronimo de loa Corazones ; hot seeing that it could not 
prosper in this valley, he transferred it to a place called Senora, 

'Catrtafieda'aHelatiouB, Tonmux Conjpiuis,.p. 237. Gomora saya, " It griovuil Don 
ADtonio do Meudofa very much that tho onuf retUFn«l home, for he hnd spent aboat 
three-score tbousamlprso) of gold in tho enterprise and owed u great part thereof BtiU. 
Many sought to have dwelt thore, hut Francisco Vasqnez de Coronado, who was rich 
and lately mairieil a fair wife, woQld not conucnt, aa.ving that thoy could not maintain 
nor defuud thamaelvea in so poor a country and so far from succor. They traveled 
about 900 leagues in this country." (The rest of the voyage to Acdco, Tignox, Cicnic, 
and Qoivira, from the Oeneral History of the West Indies, by FntDcis Lopez de Gomora, 
as qaoted by Haklnyt, vol. Ui.) 

t Castafieda'a Behttiona, Ternaui Compans, p. 023. 

1 Jaramillo'a Relationa, p. 365. 

IJaramillo'a Kelatiou8,TeniBux Compans, p. 366. ,-. r 

CastaDeda's Belations, p. 157. Digmzed by V.3OOQ IC 
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(Sonora,) and it Uas been so called to this day."* Again, in auutLcr 
part of liis BelationS; describing the places between the Sonora River 
and Chicliilticale, be informs us that "it was forty leagues from Sonora 
to the valley of the Snya, where was fonnded the city of San Hier- 
onimo.''t Now, my idea is, that the town of Corazones on the Sonora 
River was Sonora, so called because it was eminently the town of the 
province of Corazones, in which it was situated ; and that San Hieronimo 
de lo8 Corazones was situated, according to Coronado, ten or twelve 
leagaes from the sea,} and, as above stated, forty leagues from Sonora, 
on the Snya Biver; which wonld place it abont where X hare located it, 
on a river which is now called the San Ignacio.f 

Rxnn Sonora the march was, according to Jaramillo, four days ih the 
Kexpa River. Jaramillo says: "After leaving Sonora we made a journey 
of tbar days in a desert, and arrived at another stream, which we under- 
stood was called Nexpa. We descended the stream two days, and we 
quitted it to the right at a foot of a chain of mountains, which we 
followed two days. They told us that it was called Chichilticalc. After 
having left the mountains we came to a deep creek, the banks of which 
were escarped. After quitting this stream, which is beyond the Uexpa 
of which I have spoken, we took a northeast dire<-.tion," &e.|I 

Now the Nexpa, the stream they descended two days, I believe was 
the Santa Cruz, running in a northerly direction, (the proper direction 
of their march ;) the monntaina, at the foot of which they also traveled 
two days, were the " Santa Catarina Mountains:" and the stream which 
they then reached was the Gila, whose deep bed and escarped banks so 
exactly correspond with the description given by JaramilIo.tI 

The next important place was Chicliilticale. Here was the Casa 
Grande of which so much had been reported, and here the army com- 
menced its march northeastwardly across the great desert, on the far 
side of which were the seven cities of Cibola. That the Casa Grande 
was so situated, with regard to Cibola, there is no dispute ; but of its 
exact location there is some question. 

Caataueda says: "At Chichilticale the country ceases to be covered 
with thorny trees, and changes its aspect ; it is there the gulf terminates, 
and the coast turns fC'est la que le golfe se termine et que la cSte tourne;) 
the monntains follow the same direction, and they mnat be crossed to 
reach the plains again."** 

* Castane<Iii'B Kelations, p. 44. t Ibid., p. 156. 

I The Bea (Qnlf of California) retnmeth towards tho west, right againat tho Coraiones, 
tbo apace of ten oc twelve leoffues. (Coronado's Bel., Hskluj^, vol. iii, p. 448.) 

'^Iii this connection it may be pertinent to remark, that San Hiprouiiuo ile loa Cora- 
locea, which aeemstobave lieen asortof depOtiVftstranaferredtoBonora; hut appoara 
etill to have been kept as a poat, for we are told that aome of its garrison dnacrtMl it, 
for, among other cea«ons, that thej looked oa it as naeless, " for the roail to Kow ^pnin 

Sasaed by a more fovorable direction, leaving Snja to the risht." Thia will account 
ir two rontea being laid down on the accompknyini; map between Sonora nod the 
Nexpa Eiver. ', 

II Jaramillo'e Kelatrona, Temanx Compans, pp. 367 and 36S. 

II Mr. E. G. gqnier annpoaea the Ne^a to have been the Rio Gila. Hia language ia : 
"Allowing :iO miles to the day's march, which is about the areraj^ nudor favorable 
ci ream stances, we have ISO miles aa the distance lietween the point on the Sonora 
River left by Coronado in hia advance and ChichiUicnIe, between longitudes 109= and , 
110°. This is, according to the beat maps, abont tho distanco betn-ecn the Sonora River 
and tho Gila, called Neipa by tho chronicler." (American Review for November, 1S48, 
p. 6.) 

I cannot agree with Mr. Squier in tho fore^ing statement, for the reason that the 
distance l>etween the Sonora River and the Gila, according to the latest map Issued by 
the Engineer Department of the Atmy, Is not ISO miles, bnt as much as S90 miles ; and, 

'"-"' "-'■' -■ *-" '-" ' -' '— ' ~ >glc 
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Hfow this certainly shows tbat CastaSeda believed Cbicbilticale was 
gitnated at tiie head of the Oulf of California. But avcordinK to Coro- 
nado's report to the viceroy Mendo^a, this assaredly was not the case; 
for be says: "I departed for the Corazones, and always kept by the sea- 
coast as near as I conld judge, and, in very deed, I Htill found myself 
the fertber off, in sach sort that, when 1 arrived at Chichilticale, I fonnd 
myself ten daya' journey from tne sea, and the father provincial (Marcos 
de ifi^a) said that it was only five leagues distant, and he had seen the 
same. We all conceived great grief, and were not a little confonnded, 
when we saw that we found everything contrary to the information 
which he had given to your lordship."* 

In another place, Goronado states that the transport ships which bad 
been ordered to coopei^te with him had been seen off the country of 
the Corazones, on their way to " discover the haven of Chichilticale, 
which Marcos de Ki9a said was in five-and-thirty degrees."! 

.The above certainly shows that both De Si^a and CastaBeda at one 
time believed that Chichilticale was at the head of the gulf; and it is 
probable that both the transport vessels and army were ordered to 
communicate with each other at that point, on the supposition that it 
was a good harbor, and wonld be a capital place for a depot of supplies 
before entering the great desert. But Coronado's report efifectually 
explodes the idea of its having been fonnd such ; and if there were more 
proof on this point needed, it would appear in the fact that neither 
Alarcon, who commanded the fleet and passed up the Colorado Biver in 
search of the army, nor Melchior Dia^, who explored all around the 
head of the gnlf, make any mention of having tseen the place, which 
they most assuredly would have done had they passed anywhere near it. 

Bat where was the exact location of Chichilticale 1 In my opinion it 
was on the Sio Gila at Caaa Qrande, in latitude 33° 4' 21" north, and 
longitude 111° 45* west from Greenwich, end the following are my 
reasons therefor: 

It is distinctly stated by CastaSeda that, the place was marked by a 
Casa Grande, which, though then in rnins on account of having been 
destroyed by the natives, h^ evidently been used as a fortress ; that it had 
been bailt of red earth, and was evidently the work of a civilized people 
who bad come from a distance.| 

Sow, the first ruin to be seen on the Gila, ascending it from its mouth, . 
and the only one along its whole coarse which bears any resemblance 
to that mentioned by Cast^eda, and of which we have any record, is 
that described by Father Font, who, with Father Garces, saw it in 1775, 

■Hsklayt'B VOTogea, voL iU, p. 44S. tibid. 

I CMtofieda's RelatioDB, pp. 40^ ICt, 162. Mr. Morgan, in a foot-note to hii papor 
before referred to, says ; " Taere 18 no ruin on the Giia at the present time that anatrers 
tlie above degaription," and soema to have come to thin conclusion, because Captain A. 
E. Johnston, United States Army, in his jonmal, fU. a Ei. Doc. No. 41, 1S48, p. 596,) 
ftays, "The bcnse wait built of asort of whiteearth and pebbles, probably containing 
lime." Emory merely sa™, '■'Tbo walls were fonned'of layers of mud," (Thirtieth Con- 
kAms, First Session, Ex. Doc. No. 7, p. 82;) and Bartlett m his Personal Narrative, p. 
StS, informs ng that "The walls are laid with large sqaate blocks, and the material is 
the mnd of the valley mixed with graveL" 

Mr. N. H. Hntton, civil engineer, assistant to Lieutenant Whipple, in hla exploratiooa 
for the Pacific Bailroad in l653-'54, and at present my assistant, aasuree me that be haa 
seen the locality and themius, and that the Casa had eridoutly been built of theearth 
in the vicinity, uhioh is of a reddish color, though in certain reflections of the same the 
building appearedwhitish, on aoconnt of the pebbles contained in the mass. CaatoBeda 
inhisEelattons, p. 41, says: "Cetle matson, constmite en taire ronge;" and p. 161, 
"La. terre de cea paya eat roagc." In addition, what more natural than that 
Emory and Bartlett, flndinK the color of the bailding nothing different ttota that of the 
soil in that legioD, ahould uU to aay anfthing aboat itt 
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on their joorney to Monterey and the port of San Francisco, and which 
■ same ruin was subseqnently visited and described by Emory, of the Corps 
of Topographical Engineers, in 1847. 

Fathei: Fonf s description of it ia as follows : 

" On the 3d of October, 1775, the conimopdiuit ordered os to halt, in 
order that we might visit the Oasa Grande, known by tbe name of Monte- 
snma, situated one leagne from the Rio Gila, We were accompanie<1 by 
some Indians, and by the governor of Uturitac, who relateil to ua on 
the way tbe tradition he had receivefi from his ancestors about this 
honse, some of tbe particulars of which are doubtless fabulous and others 
again true. 

" The latitude of the locality we found by an observation of the sun to 
he 33JO. 

" The Casa Grande, or palace of Montesnma, must have been built five 
hundred years preWously, (in the thirteentb century,) if we are to believe 
the accounts given by the Indians; for it appears to have been con- 
structed by the Mexicans at the epoch of their emigration when the 
devil, conducting them through different countries, led them to the 
promised land of Mexico. The honse is seventy feet from north to south, " 
and fifty from east to west." The interior walls are four feet in thick- 
ness ; they are well constrncted ; the exterior walls are six feet thick. 
The edifice is constructed of earth, in blocks of different thickness, and 
lias three stories. We found no traces of stairways ; we think they 
mast have been burnt when the Apaches burnt this ediflce.''t 

Bmorj's description, evidently of this same building — for the old maps 
place Father Font's Casa Grande on the Eio Gila, .jnst above the Pima 
village, where Emory locates it — is as follows : ," About the time of 
noon halt, a large pile which seemed the work of human hands was 
seen to the left. It was the remains of a three-story mud-house sixty 
feet square, pierced for doors and windows. The whole intorior of the 
house had been burnt out, and the walls much defaced."} 

This description, though not precisely the same as that of Father 
Font, yet is sufhciently close, with the identity of the location, as before 
stated, to show that they have reference to the same building. Now, 
Emory by astronomical observation found the latitude of his camp near 
this locality to be 33'^ 4' 21" north, and the longitude west from Green- 
wich 111° 45'. Father Font, as before stated, dctermiijed the'latitnde 
to be 33^° } but as Emory had, without doubt, fair supenor instruments, 
his results are preferable: 

We have then, as we think, located Cbichilticale, the site of Casa 
U^rande, with a strong probability of accnracy. 

On Squier's map of Coronado's route, accompanying the paper on this 
subject, in the Transactions of the Ethnological Society, (vol. 2j) by 
Albert Gallatin, I perceive that he makes Coronado to cross the Gila at 
Gasa Grande, but places the latter in about latitude 32°, and longitude 
llQo ; or more than a degree too far south, and nejirly two degrees too 
far to the east. Now, as Juan Jaramillo, who was a captain in Coro- 
nado's expedition, in his report says the general direction of their march 
&om Cbichilticale to Cibola was northeast,! ^ liii<> drawn from Chichil- 

* A Spanish foot ia 0.91319 of an Enclisb foot. (United States OtilDaiice M.iiiiial.) 

t JoQTiial of Futbet FoDt, of tho collcgo of Santa Cruz of Qiiereturo. Appnivlix VII, 
Caatencda'H Ifelatioos, Temnai Cumpaiu' CotloctioDB ; see also Humbolilt'H " Essai Foli- 
tiqae Sor la Bofuuino de la Nouvello Espaeno," edition of ISU, pp. 36, 21(7, 293. 

I Notes of a military reconnoisaance made by Lieatonant Colouol William H. Emory, 
Corps of Top<^p:apbical Engineers, in 1846-'47, witbthe advaoco guanl of tbe kraj ftf 
UieWest,p.63. ,t,K>tjlc 

i Joan JaraniiUo'a BeI»tianB, Toroanz Compana' CoUeotioua, pp. 368, 3G9 O 



328 OOEONADOS MAKCH. 

ticale as laid doTrn on Squier's map would not pass through or near 
ZnfU, (identical on lu3 map with Cibola,) a.8 it ought to do, but more 
than a-degree to the eastof it ; thusshowing hie position of Chichilticale 
manifestly erroneous. 

Again, on the map of E. K. Kern, accompanying " SchooIcraft^sHistoi? 
of the Indian Tribes of Xorth America," he places Chichilticale as mach 
as a degree of latitude south of the Gila and in Itmgitude 1(KP. Here 
again a line in a northeast direction from Chichilticale would not pass, 
as it should, through or near Zuui, (identical, aa Kern thinks, with Ci- 
bola,) but more than two degrees to the eastward of it ; which ndso shows 
his position of Chichilticale very considerably out of the way. 

The next and most important inquiry is the exact locality of the seven 
cities of Cibola. Gallatin, Squier, Whipple, Professor Turner, and 
Eem, have contended for Zuiii and its vicinity. Emory and Abert, on 
the coDtrary,have conjectured that CiboUetta, Moqulub, Pojnati, Covero, 
Acoma, Laguna, and Poblacon, a group of villages some ninety miles to 
, the eastward of ZaQi, furnish the site of the seven cities ; and Mr. Mor- 
gan,, as I have before remarked, in the SortU American Bevicw for 
April, 1869, has advanced the idea that the ruins on the Chaco, lying 
about one hundred miles to the northeast of Zrnli, more completely 
satisfy all the conditions of the problem which the accounts of Ooron- 
ado's journey, by Castafieda and others, have imposed on its solution. 
To my mind, however, Znai and vicinity present the strongest claims 
to being considered the site of the renowned cities, and the foUowiog 
are my reasons therefor : 

It seems that from Chichilticale to Cibola, the direction of Coronado's 
route, according to Jaramillo, as before remarked, was generally north- 
east ; and from Coronado's report I extract in relation to it as follows. 
He is speaking of what occurred after leaving Chichilticale : 

" I entered the confines of the desert, on Saint John's day eve, and to 
refresh oar former travels wo found no graas, but worser way of moon- 
tains and bad passages where we had passed already ; and the horses 
being tired were greatly molested therewitli ; but aft«r we had passed 
these thirty leagues, we found fresh rivers and grasses like that of Cas- 
tile, &c.; and there was flax, but chiefly near the banks of a certain 
river, which, therefore, was called El Eio del Lino, that is to say, the 
Biver of Flax ; wo fonnd no Indians at all for a day's travel, but after- 
ward four Indians, came out unto us in peaceable maoQer, saying that 
thoy were sent over to that desert place to signit^ unto us that we were 
welcome."* 

In addition to theforegoing, Castafieda says that in aliout fifteen days 
from Chichilticale " they arrived within eight leases of Cibola, upon 
the banks of a river they called the Vermejo, on account of its red 
color;"! and Jaramillo remarks that in approaching Cibola " always in 
the same direction, that is to say, toward the northeast, they came to a 
river which they called the Vermejo ; that here they met one or two In- 
dians, who afterwards they recognized as belonging to the first village 
of Cibola : and that they reached this village in two days from when 
they had first met them."! 

Now let any one consult the accompanying map, reduced from the 
latest map issued by the Engineer Bureau at Washington, and he will 

• Hoklnjt'a Voyages, to), iii, p. 449. 

ICutaCedfi's Relations, Teraanx CompuiB, p. 41. 

t JununiUo'sBelatioiiSjTemaHsCompaiUjp, 369. i()()u|c 
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see Uiftt Coronado^e march- from Chjchilticale, or Gasa OraDde, mast 
have been very nearly coincident with the route there laid down, to wit: 
in a northeasterly direction for the first thirty leagues, over the rongh 
Pinal and Mogollon Mountaina ; and then getting on the tributaries of 
the Rio del £i)&, or Flax Eiver, where he found " fresh w ater and grasses," 
he followed up the Vermejo, or Colorado River, to Cibola, or Zuiii of the 
present day and its vicinity, where be found the other six cities. The 
distance by such route, between Chichilticale and Zufii, would be about 
270 miles, or require a journey of 17 days, (about 16 miles a day,) the 
time it took Coronado to accomplish the distance ;* and this agrees quite 
exactly with the distance, 80 leagues, as given by Caataueda iu another 
place.T 

But there ar^ other good reasons for this belief. At Zufii and its 
vicinity, within a distance of about 16 miles, and on the banks of the 
Verm^o, or Little Colorado Biver, there are the ruins of as many as six 
pueblos, all showing that they were once built of stone ; and, with the 
present ZnSi, doubtless they constituted the "seven cities" which, ac- 
cording to Coronado, were all built "within four leagues together,"} 
and according to Castaneda were "situated in a very narrow valley be- 
tween des Montagnea Esoarp^ea,"^ which may have been intended to 
mean escarped viestw, or table lands, just as close in the valley of the 
Little Colorado or Bio de Zuiil. 

In my report to the Chief of Topographical Engineers of my recoD* 
noissance made iu the S'avajo country in 1848, 1 described Zuiii as fol- 
lows: "The pueblo of Zuiii, when first seen about three miles off, aptieared 
like a low ridge of brownish rocks, not a tree beiug visible to relieve 
the nakedness of its appearance. It is a pueblo or Indian town, situ- 
ated on the Eio de Zuiii, This river at the town has a bed of about 150 
yards wide. The stream, however, at the time we saw it, only showed a 
breadth of about 6 feet and a depth of a few inches. It is represented 
as running into the Colorado of the West. The town, like Sauto Do- 
mingo, is built terrace-shaped, each story— k»f which there are generally 
three — as yon ascend being smaller laterally, so that one story answers, 
in fact, for the platform of the one above it. It, however, is far more 
compact than Santo Domingo, its streets being narrow, and iu places 
presenting the appearance of tunnels or covereid ways, on account of 
the houses extending at these places over them."!! 

liieutenant A. W, Whipple, Corps Topographical Engineers, visited 
the ruins of old Zufii in 1853-'54, and in his report to the War Depart- 
ment thus describes the place: "We took a trail and proceeded two 
miles south to a deep caDon, where were springs of water. Thence by 
a zigzag course we led oor mnles up the first bench of ascent. At vari- 
ous points of the ascent, where a projecting rock permitted, were barri- 
cades of stone walls, teova which, the old man (his guide) told us, they 
had hurled rocks upon the invading Spaniards. Having ascended, 
according to oar estimate, 1,000 fee^ we found ourselves upon a level 
surface covered with thick cedars. The top of the mem was of au irregu- 
lar figure a mile in width, and bounded on all sides by per{>endicular 
(sUBs. Three times we crossed it, searching in vain for the trace of a 

* Ca«taneda'8 Belntloos, pp. 41, 42. 
t Ibid., p. 188. 
' t Coniqado's Itolations, Haklayt, vol. HI, p. 451. 
$ CMtaCeda'e Ralfttlons, Temaux Coinp»iB, p. 16i. 

I "Jonrnolof amilitary reconv ' " 

inby, mode b; Lient«nant J. 



noiuance flrom Santa FiS, New Mexico, to the Nbt^o 
I. H. SitDpson, Corps of TopofcrapUcal Engineero, in 
Doo. No. 64, 31st Coagress, Ist sesaioD, 1850: alao, Up- 
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rnin. But the gnide hnrried us ou half a mile farther, when appe-aied 
the miDs of a city ihdeed. CrnmbliDg walls from 2 to 12 feet high were 
crowded together in confused heaps over several acres of ground. Upon 
examining the pneblo we found that the standing walls rested upon 
ruins of greater antiquity. The primitive masonry, as well as we could 
judge, must liave b^n about 6 feet thick. The more recent was not 
more than a foot, but the small sandstone blocks had been laid in mud 
mortAT with considerable care.''^ 

Now I take it that old ZnSi was one of the seven towns of Cibola, 
called by Coronado " Grenada, because it was somewhat like to it;"! and 
the narrow winding way, ascending which Coronado was knocked down 
by stones hurled upon him by the defenders,! was in all probability the 
very zigzag approach mentioned by Whipple, and which he found so 
difficult in his ascent to the ruins. 

The other six towns were doubtless Zuai of the present day, and those 
whose ruins arc to be found still further up the valley, showing they had 
been atone structures, and to which I refer in my report before referred 
to, as follows: "Within a fetv yards of us are several heaps of pueblo 
ruins. Two of them, on examination, I found to be of elliptical shape 
and approximating 1,000 feet in circuit. The buildings seem to have 
been chiefly built on the periphery of an ellipse, having a large interior 
court; but their style and the details of their construction, except that 
they were built of stone and mud mortar, are not distinguishable in the 
general mass. The areas of each are now so overgrown with bushes and 
so much commingled with mother earth as, except on critical examina- 
tion, to be scarcely distinguishable from natural moonds. The usual 
quantum of pottery lies scattered around. The governor of Zuiii, who 
is again on a visit to as, informs us that the ruins I have just described, 
as also those seen a couple of miles back, are the ruins of pueblos which 
his people formerly inhabited.''§ 

There are other circumstances of relative position of places which 
point most indubitably to the same conclusion, as follows: Casta&eda 
repeatedly states that Cibola was the first inhabited province they met 
going north from Cbichilticale after they crossed the desert, and the last 
they left before enteriiu) the desert on their return to Mexico. Again, 
the present relations to each other of Zuiii and the Moqui Pueblos, and 
also of Acoma, perched on a mesa height, in regard to courses and dis- 
tances tally sufficiently near with the positions of Tusayan and Acuco, 
as given by Gastaiieila, namely, the former northwest 25 leagues and the 
latter eastwardly five days' journey from Cibola,|| as to make it exceed* 
ingly probable that they refer to the same localities.?! Again, OastaQedo, 

' Pacific B, R. Reports, vol. iil, pp. 6B, 69. 

tCorDDodo'a Helation, Uaklnyt, toL iii, p. 451. 

fCependaDC il fullait B'ompnier de Cibola ce qai n'Hait vaa cbaae facile, car la 
cbemio qui y cooiluinsat 6tait etroit et tortoenx. Le G^o^rnl iiit renvermS d'an coup 
de pierle en montant ^ I'usaaat," &o. CastoIleda'B ReL, Temanx Compans, p. 43. 

f Simpeou'a Journal, p. 97. 

11 CaBtaQeda'B Relation B.Temsax Companfi, pp. 56, 67, 68, G9, 70, 165. 

ilMr. 8i|nier, in bin article on the "Aacient MoQamunts, &.c., in New Mexico nndCal- 
ifomia," in Americiui Review for November, 1843, gives ibe positiuo of Tunayan from 
Cibola, iioik oortheaat and nortliwcBt f¥om Cibola, and on bis map acconipaoyiug Mr. 
Albert Gallatin's Esnay, in the Trannacf ions of tho American Ettinological Society, Tol. 
ii, he has placed it in a northoaiit direction. The proper direction of Tuaajan with 
regard to Citmlu is northwest, f See CaataDcda'a Belationa, Teinaux Compaun, p. 1^) 
B^dee Cardenas, on his way to ttie Rio del Tizon, (Colorado,) passed ttirougb Tuaayan 
from Ciboln, which makes it all very natnral if Tusayan was northwest from Cibola, 
bat wonld not be ao if it wu in a uoTtlieaat direction, oa laid doim on Ui. Sqnier'a 
juap. 
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describing the valley in which the province of Cibola was 'situated, 
says, " Cest ane valine tr^-etroite entre des mootagnes escarp^ea,"' - 
which is an exact description of the valley of the Bio de ZuSi, confined 
between the walls of inclosing mesasi Again, Jaramillo says " this first 
village of Cibola is exposed a little towards the northeast, and to the 
northnest in about five days' journey is a province of seven villages 
called Tusayan,t all of which exactly accords with the exposed position 
to the northeast of old Zuni and correctly describes the location of the 
Moqui villages. 

But there is some historical evidence upon this point which I consider 
irrefragable, and which certainly makes Zuiii and Cibola identical places. 

Beferring to the relation of a notable journey made by Antbuio de 
Espf^oto !New Mexico, in 1583, to be found io Hakluyt's Voyages, vol. 
iii, I read as follows : "Antonio de Espejo also visitetl Aconia, situated 
upon a high rock which was about 50 paces high, having no othec^en- 
' trance but by a ladder or pair of stairs hewn into the same rock, whereat 
our people marveled not a little. 

" Tweuty-five, league from hence, toward the west, they came to a 
certain province called by the inhabitants themselves Zuili, and by the 
Spaniards Cibola, containing a great number of Indians, iu which pro- 
vince Francisco Vasquez de Coronado had been, and had erected many 
crosses and other tokens of Christianity, which remniued as yet stand- 
iog. Here also they found three Indian Christians who bad remained 
there ever since the said Journey, whose names were Andrew de Culia- 
can, Caspar de Mexico, and Antonio de Guadalajai'a, who bad about 
forgotteu their language, but could speak the country speech very well; 
bowbeit after some small conference with our meu they easily under- 
stood one another." 

Now turning to Casteneda's delations, where he gives an account of 
Coronado's leaving the country for Mexico, I find his language as fol- 
lows: " When the army arrived at Cibola it rested for a while to pre- 
pare itself for entering the desert, for it is the last point inhabited. We 
left the country entirely peaceful ; there were some Indians from Mexico 
who had accompanied us, who remained there and established them- 
selves, (il y ent mfime qoelqnea Indteus du Mexique qui nous avaieni ac- 
compagn^s, qui y rest^rent ct s'j ^tablirent.")]: 

Thus it would seem that the two accounts of Esp^'o and CastaSeda 
correspond in such a manner as not to leave the slightest donbt that 
ZnSi of the present day is the Cibola of old. Coronado left three of 
his men at Cibola, who were fonud living there by Espqo and his party 
forty years afterwards ; they had nearly forgotten thejr original lan- 
guage, but yet, after awhile, managed to converse with some of Eapejo's 
men. What more natural, and, indeed, what could have been a more 
interesting topic than the adventures of these men ; how they got there, 
and whether Zuni was veritably the far-famed Cibola that forty years 
previously had excited the attention of the governments of New and 
Old SpfCln. Espejo, under the above circumstances, reporting that the 
Spanianls called Zuiii Cibola, certainly could not have meant anything 
else than that he believed it veritably such. I have been thus particu- 
lar with regard to this testimony, for the reason that Mr. Morgan, in hia 
essay already referred to, while be recognizes the historical fact of Zuiii 
having been called by the Spaniards, according to Espejo's Uelations, 
Cibola, in 1583, yet advances the idea that after all Espejo probably 

* Castolleda'a Relations, Temaiuc Compans, p. 164. 

t Janunillo'a Relations, Temauz CompAns, p. 370. (mmiIi> 

tCaataneda'sB«lstions,TernaaxOompBns,p. ai7. - '^^^t-'^i^ 
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only meant to express that they cot^ectured the places to hare been 
• identical. 

It seems to me that vhat I have advanced shows most conclusively 
that Cibola and Zuni are ideatical localities, and nothing could be said 
which conld make it more certain; bnt as corroborative I will Btat« that I ■ 
have seen in the excellent library of the Peabody Institute of Baltimore 
an atlas entitled " The American Atlas, or a Geographical DescriptioQ 
of the whole Continent of America, by Mr. Thomas Jeffreys, Geogra- 
pher, pnblished in London in 1773." On map Ko. 5 of this atlas, Zuni 
and Cibola are laid down as synonymous names, and the locality they 
express is precisely that of Zniii of the present day." Again, on a 
" Carte contenant le Royanme du Mexique et La Floride," in the " Atlas 
Historiqne par Mr. C • • " avec des dissertations sur I'Histoire de 
chaque etat par Mr. Gnendeville," tome vi, second edition, published 
in Amsterdam, 1732, 1 And Zuni and Cibola laid down as synonymoos. 

In this connection it may be proper to observe that the claims of Ci-' 
boletta, Moqnino, Foquate, Covero, Acomo, Laguna, Poblacon, as con- 
jectured by Emory and Abert to be regarded aa the seven cities of 
Cibola, are rendered null by the historical £act mentioned by Castaueda, 
and also by JaramiUo, that the latter were situated on the Rio Verm^o, 
(Little Colorado,) a tributary of the Southern Ocean ;t and also by Uie 
eircumstance of the army, on its march from Cibola to Tignex, finding 
Acnco (Acoma) five days' journey to the eastward of Cibola, a circam- 
stance which could not have taken place if Acuco (Acoma) were one of 
the seven towns of Cibola. Besides, Castaueda, in enumerating the 
TillE^s dispersed in the country, expressly states that " Cibola is Uie 
first province ; it contains seven villages; Tusayan, seven; the rock of 
Acnco, one, &c,t which certainly shows that Cibola and Acuco were 
separate and district provinces. 

Again, I cannot see that the ruins of the Chaco, which, according to 
my explorations and I'eading are i^robably, on account of their extent 
and character, the most remarkable yet discovered in this country, have 
any just claims, as advanced by Mr. Morgan, to be regarded as the scveo 
. cities of Cibola ;$ first, for the reason that they are not, as required by 
historical fact, situated on the Bio Yermejo, (Little Colorado,) or tribu- 
tary of the Bio del Lino or Flax Biver; second, they are not so situated 
with regard to the desert passed over by Coronado, between Cbichilticale 
and Cibola, as to make the statement of Gastaileda pertinent, to wit, 

* On this atlas is indorsed, " PreMQted to tbe Peabody Institute by the Hon. Jobn P. 
Kennedy, April 1, 1B64. By this map tlio great dispnte between Daniel Webster Mid 
Lord ABtibTirton (relating doabtless to the norUieaBtem bonndaty) wassettlod, particu- 
larly by map No. 5." 

t " AH the streams we met, whether rirtilet or river, as far aa that of Cibola, and I 
believe even one oi two days' Joamey beyoud that place, flow in the direetiuu of the 
Sonth Sea, (Her da 8ud,) meaning the Pacific Ooeauj" further on they flow to the 
North Sea, (Mer du Noid,} meaningtheGulf of Mexico. Jaramillo'sBelations, Teruaax 
Compana, p. 3*"" 

t Castoneda 

(Mr. Morgan, „ 

from my report to the Govemmout on these ruins, I deem it i . , - „ 

thing further in relation to them than to refnr tbe reader for a mot« detailed accimnt 
to sud raport. It is interesting, however, in this connection, to prescDt the following 
extract from Hombold^s Emai sar le Boyaiuue de la Noavelle Eenngnc, page 305. which 
in all probability refen t« these venr rains : " The Indina troditiona iufurui as that 
•ometwent^lesgnestothenortbof Hoqiii,ueartheemboDcbnreof the river Zejuaunes, 
ft river of the NaviUos, was the first resting place (doMnrc) of the Aztocs after their 

AnHdn frnm AtKlftn/^ Affnin. nn hiA man ftj^itfimnanvinff hia Fjuiav. in lhi> ffillfiwinirf 
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tiiat Cibola was the flrat village to be met after pasaing the desert, and 
Hie last on leaviog the peopled country to enter the desert; third, the 
Moqoi villages (undonbtedly Tasayan) do not lie to the northwest from 
the ruins on the Chaco, as they shoold do if these ruins were Cibola, bat 
to the south of west; and fourth, the roateofCoronado's army eastward 
&om there to Cieuy6, by the way of Acuco, (Acoma,) would have been 
very much and nnnecessarily oat of the proper direction. 

Mv* Morgan mentioae the fact stated by poronodo, that it was eight 
days' journey fh)m'CiboIa to the bufiEklo range. This, he thinks, could 
Tery well have taken place on the hypothesis of the Cliaco ruins having 
been Cibola, but not on the eappoaition of Zuni. But the distance of 
Zuiii to the buffalo range east of the liio Pecos is only about 230 miles, 
witich certainly could have been reached iu eight days, allowing the 
journey he does of 30 miles per day. 

But to proceed with the principal points of Coronado's route eastward 
&om Cibola. I believe that all authorities who have writteu ou the 
subject coDCar in the view that the Pueblo of Acoma, or Hat-koo-kee- 
ah, as it is now called iu the Zuiii language, is the Acuco of Colorado.* 

The singular coincidence of the names, as well as the striking resem- 
blance of the two places aa described by CastaEieda and Abert, which 
cannot be predicated of any other place in Kew Mexico^ together with 
the proper relation of Acoma to ZuSi. (Cibola) and Tigues in distance 
and'^directioD, all show that they are Ideotical. t 

The next province Coronado entered was that of Tignex. Mr. Gallatin 
has located it ou the Bio Paerco. His language relating to it is as fol> 
lows: "Having compared those several acconnts (of CastaEieda and 
Jaramilto) with Lieateoant Abert's map and with that of Mr. Gregg, it 

• Lionteaant Colonel J. H. Eaton, United States Armj, writing on tbU subject, re- 

mftrks: "In a conversation witli a very intelligont ZaSi Indian I learaod that the 
Paeblo of Acoma ie called in the Zniti tongue Hak-koo-kee-ab, (Acilc;o,) and this name 
y/aa given to me withoat a^ previooB qllt^stion which nonld servo to give him aa idea 
of thu old Spanish name. Does not this, therefore, seem to tnve color to the hypothesis 
that Coronatlo's army passed by or near to tbe preoont Faoblo uf ZiiUi, and that it nos 
their Cibolii, or one of the seven cities of Cibola." (Schoolcraft's History of the IndJaa 
Tribes of th« United States, part iv, p. 320.) 

t The fallowioK grnphlo description of Acoma is from Abert: "After a jonmey of 19 
' miles we arrived at Acoma. High on a loft; rock of sandstone, snch as I have de- 
scribed, aila the city of Acoma. On the northern side of the rock the rude boreal blasts 
have heaped up the sand bo as to form a practical ascent for some distance ; tbe rest of 
the way is through solid rock. At one place a singular opeoins or narrow way )s 
formed between a huge, square tower of rock and the perpendicular fuci) uf tbo cliS'. 
Then tbe road winds round like a spiral stairway ; and the Indiana have, in some nay, 
filed loga of wood in the rock, radiating from a vortical axis, like steps. These afford 
foothold to man and beast in clambering up. 

"We were constantly meeting and passing Indians, who bad their 'burros' laden 
with peaches. At la«t we reached the top of the rock, which was nearly level, and con- 
tains abont sixty acres. Here we saw a large chnrch, and several continuous blocks of 
buildings, containing sixty or seventy houses in each block. (The wali at the side that 
faced ontwanl vcaa unbroken, and had no windows until near tbe top. The liousiis 
were three stories high.) In front, each story retreated back aa it tujccnded, so us to 
leavo a platform aloOE the whole front of tho story. These j)latformB are guarded liy 
parapet walls about ttiree feet high. In order to ^ain ndmittance you ascend to tlie 
second story hy means at ladders. The next story is gaii^ed by the same means ; but 
to reach tlin 'azotia,' or roof, the partition waUs on tlio platform that separates the 
quarters of ditlerent farailifes hare been formed into steps. This makes qui to a narrow 
Btaircaso, as the walls are not more than one foot in widtlt." (Report of Lieutenant J. 
W. Abert, Corps Topographical Engineers, of his examination ot New Uexieo Iu Ilia 
years 1846-'47, Es. Uoc. 41, 30th Congress, 1st session, pp. 470,471.) lOOUlC 
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appears to me probable tliat tbe Tignex conntry lay, not on the main 
Kio Norte, but on its tributarj', the Rio Puerco and its brancliea, and 
that the river which the Spaniards called Cicuy^, and on which they 
■were obliged to build a bridge, was the main Bio del Norte."" 

Mr. W. H. DaviSj aothor of "El Gringo; or New Mexico and her 
People," published in 1853, takes the same view. 

Mr. Sqnier believes the Rio de Tiguex to have, been the Kio Grande, 
and the Hio de Cicuy^ the Pecos, bet locates Tiguex on the Itio Grande, 
above the mouth of the Pnerco. Messrs. Kem and Morgan talic the same 
view. 

According to my investigations I believe the EioTiguex to Lave been 
the Rio Grande, and the Rio deCicny^ the Rio Pecos; bnt while lam 
willing to admit there are some grounds for the hypothesis that Tignex 
was located on the Rio Grande abot^ the mouth of the Piierco, yet I 
think there are still stronger grounds for the belief that it was situated 
on the Rio Grande below that river. 

Castatleda says, " Three days' journey from Acnco {Acoma} Alvarado 
and his army arrived in a province which was called Tiguex."t 

Again, "The province of Tignex contains twelve villages, situated on 
the banks of a great river in a valley about two leagues broad. Tt is 
bounded on the west by some mountains, which are very high and cov- 
ered with snow. Four villages are built at the foot of these mountains 
and three others upon the heights.'f 

Now, as Coronado and bis army marched eastward § from Acuco, 
^Acomo,) and they accomplished the distance in a three days' .journey 
and then came to a large river, on the banhs of which was situated the 
province of Tignex, it is clear that as the Rio Grande is the first large 
Diver to be met eastward from Acuco (Acoma) at a distance varyiiiji 
from sixty to eighty miles, depending on the route taken, this waa the 
great river refeiTed to, or the Rio de Tiguei. 

Tbe idea of Mr. Gallatin and Mr. Davis that the Pnerco was this river 
is, I think, entirely untenable, for the reason that this river in its best 
stage is only about one bundrod and twenty miles long, and frequently, 
as I myself have observed, so dry that its existence could only bo in- 
ferred from its dry bed and the occaaional pools of water to be met 
along its track. It certainly, then, could not with any propriety -be 
called a. great river, as the Rio de Tignex was represented to be. 
, In addition, we learn that the guides who conducted the army back 
ti) Oicny^ on its return from its search after Quivira, declared that the 
Rio de Cicny6 threw itself into the Rio de Tiguex more than tweflty 
days' journey (or over four hundred miles) below where they struck it ;"|| 
which would have been an absurdity if the Tiguex were the trifling Bio 
Pnerco, and the Cicuy^ the Rio Graude, as Mr. Gallatin sup{i0i$cd ; but 
which is all very plain on the hypothesis that the Tiguex was the Rio 
Grande, and the Cicny4 the Pecos. 

But where was the exact location of the province of Tignex T 

It was certainly teioioHemez andQiiirix, (SanPelipe,11)for the chron- 

* TrananctioiiB Am^ricaii KtbQotugical ^iocictj, vol. 2, p. 73. 
t CaataQeila'ii Riilalione, TernOiUi: Coupuue, p. • 1. 
t Cuatidlcda'a Rolalioiis, Ternaux Compans, pp. 167 1C8. 
f Ibid, p. G7. 



i Casta&oda'a Kelations, TomaoK CompanB, n. 135. 
H On tho old maps, ua alao-cn HnmboIdt'B, illnatratinft bis " Hoavelle HiBpagne," I 
e tbo pueblo of Son FalipoiH laid down aa "S. Fehpedt (Ai«rr;,'' wliicli I am !□• 



formed is its name at thia day. Indeed, Gregg, speabing of certaio piicbloeinNsi* 
Uozlco, Bays, " thoeo of Cocbiti, Santn Domingo, San Feiipe, aod perhapa SandiA, Bpeok 
the same toneoo, tbougb they seem fonuerly to have been dist iDKaiahed aa Qnoica " 
(Commeioo of tbo Prairin, m edition, vol. i, p. 269.) 
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icier states that fartlier to the oorth (from Tigucx) is the province of 
Quirix, which contaius seveu villages; seven leagues to the northwest 
(which may mean from Qairix or Tiguex) that of Hevnez, which con- 
tains the same number, &c.;* the text says, "nonlest," but this is 
evidently a mistake, as the oldest maps extant place Hemcz where it is 
now situated^ on the Rio de Hemez, to the west of the Bio Grande, 

The foregoing would seem to show conclusively that Tiguex was sit- 
uated below Quinx, and possibly, under one of the constructions given 
above, only seven leagues or twenty-tour miles below Hemez, whicQ 
would place it on the Rio Grande just about the mouth of the Rio de 
Hemezj or about 80 miles above the month of the Puerco, where the 
authorities above given have placed it. But yet the extract before 
given fi-om Castaueda expressly states also that the "Proviuc* of Tig- 
uex was situated upon the banks of a great river (Rio de Tiguex) in a 
valley about two leagues broad, and bounded on its west by some very 
high, snowy mountains," &c. Now, the only locality which will answer 
this description is that part of the valley of the Bio Grande bounded on 
its west by the Socorro Mountains, situated just below the mouth of the 
Puerco. These are the first mountains to be met in descending the river 
from Santo Domingo, or from even above that pueblo, (all the intervening 
heights being merely table-lands and therefore not so elevated as to tx. 
termed snowy.) and they fix the locality, in my judgment, as I havt. 
before stated, helrno the mouth of the Puerco. 

I have, therefore, on my map located the province of Tiguex on the 
Rio Grande below the Eio Puerco, at the foot of the Socorro Jlountaius. 
which bounds it on its west; and it is somewhat confirmatory of thii 
position that on the map No. 5 of "Thomas Jeffreys* Atlas," before re 
ferred to as excellent authority, I find Tigua, no doubt inteude-d for the 
same place, or province, located in the valley of the Rio Grande, just 
where I have located Tiguex, namely, at the foot of the Socorro Moan- 
tains. 



The next important place in the route of Coronado from Tiguex was 
Cicuy^. CastaSedo says : "After a journey of five days trom Tiguex, 
Alvarado (with his detachment of twenty men) arrived at Cicuy^, a 
very well fortified village, the houses of which are four stories high."t 
Again, "Thearmyquitted Tiguex on the 5th of May (1531) and took the 
route to Cicuy6, which is twenty-five leagues distant^J Jaramitio states 
the direction to have been " northeast"! In another place Castaneda 
remarks that " Cicuy^ is built in a narrow valley, in the midst of moun- 
tains covered with pines. It is traversed by a small stream, in which we 
caught some excellent trout."!! 

Kow, all this points, as I believe, to the mins of Pecos, on the Rio 
Pecos, as the site of Oiony^, and in this I agree with Mr. Squier and 
Mr. Kern. These mins are in a northeast direction &om the supposed 
position of Tiguex, and about five days' journey distont. They are 
also situated iu a narrow valley in the midst of mountains coveretl 
with pines, and the site is traversed by a small silvery stream, in which 
may be caught some excellent trout. I certainly know no other place 
that in so many respects suits the conditions of the problem; but the 

* CtMtaQeila'B Helatioos, Temanx Compaiu. 
I CMtafieda'a ReiiitioiiB,Temaax CompimB, p. 71. 



t CasUmeila's Relatione, Tcmanz Compaus, p. 113. 
t Jarnmillo's Belations, Temanx Compaos, p. 371. 
I CMtatkeda'a Relations, Temaox Compana, p. 1T9. 
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follomog remark by CastaJieda baa perplexed investigators not a little. 
He remarks, that " when the army qDitt«d Cicuy^ to go to Quivira we 
entered the mountains, which it was necessary to cross to reach the 
plains, and on the fonrth day we arrived at a great river, very deep, 
which passes also, near Cicuy^. It is for this reason we call it the Bio 
de Cicny^. Here we were obliged to build a bridge, which employed us 
fonr days."* 
, The difficulty has been to reconcile the statement that Cicny6 (Pecos) 
was on or near the Bio Cicuy4, and yet that after four days' travel, ^dler 
' traversing some mountains in a northeasterly direction, the army should 
' again cross it by a bridge. 

Now all this, I think, can be reconciled by reference to the accom- 
panying map, on which will be fonnd laid down a route, the only one, I 
i)elieve, existing at the present day between Pecos and Las V^gas, on 
the Eio Gallinas, a tributary of the Eio Pecos, where the plains com- 
menee-t The general direction of the road is northeast. It traverses 
some very rough mountains, and the distance between the two i>lace» is 
abont fifty miles, which might have necessitated, considering the rough- 
ness of the route, a journey of four days, aa the conditions require. Be- 
side^ the Gallinas is hable to be flooded from the melting suows of the 
neighboring sierras in the month of May and fore-part of June} this 
naturally would make necessary at such times a bridge to cross it. 
Emory, speaking about Las VSgas and its vicinity, says : " As we emerged 
ii-om the hills into the valley of the V6gas, our eyes were greeted for 
the first time with waving com. The stream (the Qallinas) wna flooded, 
and the little drains by which the fields were irrigated full to the brim."i 

My idea is, then, that this stream being a tribntary of the Pecos and 
larger than the latter at Cicuy<5, (Pecos,) it was, in all probability, 
called for those reasons the Bio de Cicuy^, though the place by this 
name was situated distant from it on another branch of the same river, 
where the ruins of the Pecos village are now to be seen. 

I will also state, as strongly confirmatory of this location of Cicuy^, 
that on map No. 5 of the "American Atlas, by Thomas Jeffreys, pub- 
lished in 17(0," twice before referred to, I find laid down, in about the 
present locality of Pecos, a place named " SayaquiJ," which might well 
answer for Cicuy6. 

But where was QuiriraT "the last" (place,) as Castaiicda remarks, 
" which was visited by Coronado." Mr. Squler, on hia map, before re- 
ferred to, has the route pursued by Coronado laid down as extending 
indefinitely in a northeastwardly direction, from Oicuy^ (Pecos ;) but 
still, in his essay before referred to, says " there is no doubt that VaA- 
jiuez Coronado penetrated, in 1541, to the renon of Oran Qnivira, vis- 
ited and described by Gregg ;"§ that is the Qnivira which on modem 
maps is laid down in latitude about 34° uorih, and longitude 106° west 
from Greenwich, or abont 100 miles directly south from Santa Fd. Lien- 
tenant Abert and Mr. Eem have expressed the same thing; the Iatt«r 
locating Coronado's route, not in a northeast direction from Cicuy4 and 
extending about six hmidred miles, as required by the statements of Cas- 
tfuieda, Coronado, and Jaramillo ; but in a direction almost directli/ the 
reverse — at first eastwardly and then westwardly, so as to make him 
reach a place called Qui%-ira in modem times, but located only abont 

* CastaDcda'H Relatione, Tematix Compans, pp. 115, 116. 

t Thia m the only route wbicb for yean baa been tiikcn by travelers and others bam 
Fort Leavenworth to Santa FiS. 
t EinoTf 'h Report, Ex. Doc. Ko. 7, 30tb Concress, 1st sesaioD, p. S6, 
SAmencao Review for Novobiboi, 1818, p. 6, ( '/\ Milf> 
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CM hundred miles firom CicnytJ (Fecos,) and that almoBt Id a due south 
direct! on. 

Mr. Gallatlu says, "Corouado appears to have proceeded aa far Dorth 
as near the 40° of latltade," * in search of Qulvira. 

Again, qaotiug teoui him, " Qulvira, (referring to that abont one hun- 
dred miles south from Santa F6, in latitude 3i° and lougitnde 106°,) about 
fourteen milea east of Abo, was not visited by Lieuteuaiit Abert ; but 
its positioD wsta correctly ascertained. It is quite probable that the 
place now known by that name was the trne Quivira of the Indians at 
the time of Coronado's expedition. But whether deceived by a tixiach- 
erons Indian guide, as they assert, or having not understood wliat the 
Indians meant, which is quite probable, the Spaniards gave the name 
of Qni'vira to an imaginary country sitnated north and represented as 
aboanding in goId.''t 

Now, it is something singular that, so far as I have been able to inves- 
tigate, there is no such place as Quivira laid down on the old maps in 
the locality where modem maps rfiow it — namely, in latitude 34°, lon- 
gitude 106° ; bnt there is a place of that name laid down on these maps 
in abont latitude 40°, as high a» Coronado located it. I am therefore 
inclined to believe that at the time of Coronado's expedition the former 
Qnivira did not exist At all events, it is scarcely credible that such a 
remarkable city aa Qnivira was represented to be, so full of gold, &e., 
sitnated as it was, only about Jifty mites from Tifftiex, tlie headquarters of 
Coronado's army, and which might have been reached in two days, could 
have been kept from the knowledge and observation of the army for 
abont a year and a half, during all the time that a portion of it was sta- 
tioned at that place. 

Agfun, Gregg, (an excellent authority,) speaking of the ruins of Qui- 
vira, remarks: " By some persons these ruins have been supposed to be 
the lemaiosof an ancient pueblo, or aboriginal city. That is not proba- 
ble, however, for though the relics of aboriginal temples might possibly 
be mistaken for those of Catholic churches, yet it is not to be presumed 
that the Spanish coat of arms would be found sculptured and painted 
on their facades, as is the case in more than one inst4ince.''t 

No ; I am of opinion that Corouado and his army marched just as Cas- 
taileda, Jaramillo, and Coronado have reported ; that is, generally in a 
northeast direction, over extensive plains, through countless herds of 
bnffiiloes and praine-dog villages, and at length, aiter gettiugin amau- 
ner lost, and finding, as the chronicler says, they had gone " too far 
toward Florida,"^ that is, to the eastward, and had traveled from Tiguex 
for thirty-seven days, or a distance of between 700 and SOO miles, their 
provisions failing them, the main body turned back to Tiguex ; and 
Corouado, with thirty-six picked men, continued his explorations oorth- 
wardly to the 40° of latitudcj where he reached a province which the 
Indians called Qnivira, in which he expected to find a city containing 
remarkable houses and stores of gold, but which tnmed out to be only 
the abode of very wild Indians, who lived in miserable wigwams, and 
knew nothing about gold. 

* Tnuunctions Ainericftn Ethaologiul Society, voL ii, p. 64. 

tibid., p. 95. 

t Qiegfii'a Comment of Qu> Pmiriea, 2d e<L, p. 165. 

$ Ou Bome of the old mapB Florida embiacea all tlie ooQutrr irost of tbo Rio Grfinde 
Bitd Boath of Cnnada. See " Attoa Historiquo, par Mr. C * * , Avec dos diM^rtiLtioas 
■nr I'Histoire de Cboque dtat, par Mr. GneDdevillu," before alluded to, pnblisbcd JB 
1733. AgaiD, Hukluyt remurkB : " The uanie of Florida vaa at one timo appUc<l to all 
that tract of territory ^bich extends tcom Canada to the Bio del Norte." (Soe liis , 
introdoctioD to " The Discovery and Conqaest of Fera by Dun Femaado de Soto," p. 10.) - 
22 8 69 
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Coronado's description of the regitm is as Cbllowsi "The pronnce o; 
Qnivira ia 9S0 leagues (3,230 miles) from Mexico. The place I have 
reached is the 40° of latitnde. The earth is tbe best possible for bII 
kinds of prodactions of Spain, for while it is very stnHjg and black, it 
is Tei7 well watered by brooks, springs, and rivers. I foond prunes 
like thoseof Spain, some of which were black, also some excellent grapea 
and mnlbwries." * 

Jaramillo, who accompanied Coronado to Quiviia, speaking of this 
region, says : " This ooontry (Quivira) has a snperb appearance, and 
such that I have not seen better in all of Spain, neither in Italy nor 
France, nor in any other country where I have been in the service of 
your Majesty. It is not a countrj' of moantoins ; there are only some 
hills, some plaius, and some streams of very fine water, (des miti-seanx 
defort belle eau.) Jx satisfied me completely. I presume that itia very 
fertile and favorable for the cultivation of aU kinds of irnita."t 

In anotlier portion of his Belations he mentions having crossed a 
large river, to which they gave the name of " Saint Peter and Saint 
Paul," which very probably was the Arkansas, and after traveling sev- 
eral days farther north, they came to the province of Quivira, where 
they learned that there was a still larger river forther on, to which they 
gave the name of "Tencarea," and which I believe to have been the 
Mis8ouri.| 

Again, Oastafieda says ; " It is in this country (that of Qai\'ira) that 
the Espirita Sancto, (Mississippi,) which Don Fernando do Soto discov- 
ered in Florida, taltes its source. • • • • The course of this river 
is so long, and it receives so many affluents, that it ia of prodigioas 
length to where it debouches into the sea, and its fresh waters extend 
far out after you have lost sight of the land."§ 

All the anthers who have written on this subject seem to have 
discredited Coronado's report that he explored northwardly as &r as 
the 40° of north latitude ; but not only do the reports of CastaQcda and 
Jaramillo bear him out in his statement, but the peculiar description of 
the coontry as given by them all — namely, that it was exceediaglj/ rich ; 
its soil b^ck; that it bore, spontaneously, grapes and pnines, (wild 
plams;) was watered by many streams of pure water, Ac; and t*e cir- 
cumstance of this kind of country not being fouad anywhere in tho 
probable direction of Coronado's route, except across the Arkansas 
and on the headwaters of the Arkansas Bivcr; all this, together with 
lie allusion to a large river, the " Saint Peter and Saint Paul," (proba- 
bly the Arkansas,) which they crossed before reaching Quivira, iu lati- 

• Following the ordera of yonr Majesty (Don Antonio de Mcndof n,) I havo oiwervod tho 
beat possible tseatment toward tbe natives of this provinco, and of all others that I 
have travoraed. They have nothing to complain of me or my people. I sojonmed 
twent;F-Uve dnya in tho proTi - « ■ - .... .. ... 

OS to see if I contd not find m 

irhich I have Deen able to learn ia, that in alt thia country one can Ilnd neither goM 
nor any other metal. They apoku to mc of amall villaf^es, whose inhabilnut« for tb« 
moat part do not cnltivate the soil. They biive huts of hides and of wiUoivs, and 
change their places of alwdo vritll tho racfte* (Imffaloes.l Tlio Inic they told mo then 
(that Qaivirawas a ritr of extraordinary buildings and fnllol' (*o1il) waa folao. Id 
indncing me to part with all my army to uomo to thia country, the Indiana thoaght 
that the country being desert and withont wator, tbpy wonld condnct ns into places 
where onr horses and onrselvus would din of Iiuneor; that ia what the gnldes hiiyo 
cnnfessei]. Thoy told that they hod oct-cd by the advice of the natlTea of tbcM coon- 
tries, (Coronado's Relations, Teman:c Compans, pp. 380, 361.) 

t Jararaillo's Eelatioua, Temans Compaua, p. II7B. 

i Jararaillo's Relations, Teraans Compans, pp. 37S, 377. > -~ t 

i Castaltoda's RclatioDS, Temaux Compans, p. 195, r iz.d b, ^jOOQIC 
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tude 40° north^ and to a sttll larger river further on {probably the Mis- 
souri) — makes it exceedingly probable tbat he reached the fortieth degree 
of latitude, or what ib now the boundary between the States of Kansas 
and Nebraska, well on towards the Missouri River ; and in this region I 
have terminated his explorations north on the accompanying map.* 

In regard to the return route of the army of tJoronado, which he 
dispatched to Tignex before he reached Qnivira, it is expressly men- 
tioned tbat they passed by some salt ponda, and, as I believe they are 
only to be found in that region of country between the Canadian and 
Arkansas Rivers, on the Little Arkansas lUver, a tributary of the latter, 
in about latitude 37°, and longitude 99°, I have located this route as 
passing by these ponds, with some probability of its being correct.t 

Another point of the return route of the army was where it struck 
the Rio Cicuy6, about thirty lesigiies below the bridge, where it had 
crossed it on their outward march.f 

Besides the provinces I have endeavored to locate there were a num- 
ber, as I have already stated, visited by Coronado, or his officers, which 
were situated on the Rio Tiguex, (Rio Grande,) or some of its tribn- 
taries, as follows ; Qnirix, containing seven villages ; in the 3uow Mount- 
ains, seven: Ximena, three; Chea,one; Hemes, Hevcn; Aguas Oatioo- 
t«8, three ; Yuque-yunque of the mountain, six ; Valladolid or Braba, 
one; Tntahaco, eight. 

Quirix was unquestionably San Phdipe de Querea of the present day ; 
Cbea, SiUaf Hemes, Sevtez; Aguas Galientes, the ruina which I have 
seen at Ojoa Galientes, twelve miles above Hemez, on the Bio de Hemes: 
and Braba^ Taos. The situation of all the places named accord so wdl 
with that given by Gast^ieda as io leave bnt little doubt that they are 
Meutical. 

In addition, in relation to Braba, Castaueda states that it was the last 
town on the Rio Tignex, north, and was " built on the two banks of a 
stream which was crossed by bridges built of oicely-squared jitlne tim- 
ber." Qregg, speaking of Taos, which is the last pueblo on the Rio 
Grande noith of Santa F4, says : " There still exists a pueblo of Taos, 
composed for the most part of but two edifices of very singular cou- 
stnietion, on each side of a creek, and formerly oommunioating by a 
bridge. The baso story,' near 100 feet long and ISO wide, is divided into 
numerous apartments, upon which other tiers of rooms are built, ono 
above anotiwr, forming a pyramidal pile of fifty or sixty feet high, and 
comprising some six or eight stories.^^ The identity, therefore, «f the 
two places I think certain. 

All the vilages along the Rio de Tiguex, (Rio Grande,) explored by 
Castatiedii, were included in a district thirty leagues (102 miles) broad 
and one hundred and thirty (442 miles) long. 

Gnstaneda, speaking of the origin of the people who inhabited these 
regions, says: "This circumstance, the customs and form of government 

* Tbia hypothesis is olao strengthoued h; tho fact that tho Turk who guided Coro- 
nado stated that he was " a native of the conntry on tho side of Florida," that is, 
toward the east from the Rio Tiguex, (Bio Orando,) iu the voUuy of which ho was at 
tliattiiiio; that in his connti]' naB"ariver two leagues brood, &c.: and that when 
Lo reached Quivira he told the Spaoiatda " that his couutry was still befoDd that." 
(Set) CastaSeda's Kelatious, Temaux Compana, pp. 72, 77, 131.) 

t Soo uute, p. 40. 

] Betiveou the outward and return ronto tho Caoadian Birer is deeply caDoncd for 
fifty miles, which doubtless uecessitated tho acmy ou its rctnru either to cross it where 
It did when goiug to Qairiia, or at least fifty mues bolon- that poiat ; and doing the 
hitter, it naturally struck the Pecos proportionally lower down from the bridge. 

$ Qrogg'a Commerce of the Praiiiea, 2d e<1., voMi, p. 277. iDOqIc 
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of these nations, which aro so entirely different from those of all- the 
other nations we have fonnd up to tile present time, prove that they 
came from the region of the Great India, whose coasts touch those of 
this country on the west. They may have approached by following the 
ceorse of the river after crossing the mountains, and may have tiiere 
fixed themselves in the locations that seemed most advantageous to 
Otem. As tiiey multiplied they built other villages along the banks, 
until the staream f^led them by plunging into the earth. Whea it 
reappears it flows toward Florida. It is said that there are other villages 
<Ht the banks of this river, but we did not visit them, preferring, accord- 
ing to the Turk's advice, to cross the moantmns to its source. I believe 
Ghat great riches would be found in the country whence these Indians 
came. According ti the route they followed they mnst have come from 
the extremity of the Eastern India, and from a very unknown region, 
which, according to the conformation of the coast, wonld be situated far 
in the interior of the land betwixt China and Norway. There must, in 
fact, be an immense distance from one sea to the other, according to the 
form of the coa«t as it has been discovered by Captain Yillalobos, who 
took that direction in seeking for China. The same occurs when we 
follow the coast of Florida ; it always approaches Norway up to the 
point where the country ' des baccalaos,' or codfish, is obtained.'** 

The foregoing reflections seem craae to us who are better informed 
with regard to the geography of the earth's snrface; but when ve con- 
sider that iu the days of Castaiieda the whole of that portion of the 
continent lying east of the Rio Grande was called Florida, and but lit- 
tle, if anything, was known of the exact relations of the northern part 
of onrcoDtineutwith the other portions of the world, they do not appear 
irrelevant. 

In coDclnsion, I think it proper to observe that the " Relations " of 
Ooronado, CastaQeda, Jaramillo, and Alarcon, though somewhat vague in 
style, and therefore requiring a great deal of study to comprehend their 
meaning with eerteinty, are nevertheless written in a straightforward, 
DaCorol manner, and are manifestly entitled to credence whenever they 
describe what came under their observation. When, however, they 
describe the tales of others their narratives partake the character of 
the marvelous ; but, even then, if we carry along with us the idea that 
they do not mean to deceive, but only to give expression to what might 
possibly be true — but which they do not assert to be so — their narratives 
most ee regarded not only as truthful, but as meritorious, and emi- 
nently deserving of careful study and reflection. 

■ CaataDeda'B Belatious, TeniiMUC CompaiiB, pp. 183, 184. 
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Gentleuen : The subject on which I have been requested to address 
yoa this evening is 0>ne of much interest, but also of such vast extent, 
that I shall make no apology for entering at once upon it, without any 
introductory remarks. I will only observe that I do not propose to de- 
scribe the arms or implements, houses or boats, food or dress of savages, 
all no doubt very interesting, but which time will not permit me to dis- 
cuss ; my object will rather be, if possible, to illustrate the mental con- 
dition and ideas of the lower races of men, a subject necessarily of great 
interest to the philosopher, but also of immense practical importance to 
an empire like ours, which 'extends to every quarter of the globe, and 
contains races of men in every stage of civilization. 

Even those who consider that man was civilized from the beginning, 
and look upon savages as the degenerate descendants of much superior 
parents, must still admit that our ancestors were once mere EUivages, 
and may find therefore much interest in this study; bnt it no doubt ap- 
pears far more important Co those who think, as I uo^ that the primitive 
condition of man wasone of barbarism, and that the history of the hnmfui 
race has, on the whole, been one of progress, 

I do not of course suppose that every people must necessarily advance; 
but those who do not, will assuredly be replaced, sooner or later, by 
more worthy races. Nor does progress take plftce alike, or pari paatu, 
in all nations. The Greeks, though very advanced in arts, were extremely 
backward in other respects. Even the most civilized races show traces, 
and often more than traces, of their former barbarism. 

Nor do I mean that our modem savages in all respects reproduce the 
condition of our ancestors in early times ; on the contrary, even the 
Australians have now codes of laws and rules which have grown up 
gradually, and cannot have existed originally. I feel satisfied, however, 
5iat from the study of modem savages we can gain a correct idea of 
man as he existed ii) ancient times, and of the stages through which our 
civilization has been evolved. 

As regards their habits indeed, and the material conditions of lit^e, 
savages differ greatly. The Esquimaux, in the land of ice and seals, 
the hunters of the American forests and prairies, the beautiful island- 
ers of the still more beautiful islands in the Facinc, the Tartars of the 
Sib^an steppes, the Negroes of tropical Africa, necessarily differ 
greatly in their diet, their clothes, their houses^ &cj but, on the other 
hand, as regards ideas and eastoms, the case is different, and we find 
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very remarkable similarities even in tbe most distinct races and the 
most distant regions of the globe. 

1 propose, therefore, on the present occasion, more especially to call 
yonr attention to the social or fiimily relations, and the religious ideas 
of the lower races. 

Our ideas of relationship, founded as they are on marriage, seem so 
nataral and obvious, that we are at Sist inclined to regard them as 
having been original and common to them ; this, however, as I ^all 
attempt to show you, would be a mistake. Indeed, the position ot 
woman is, among the lower savages, melancholy in the extreme, and 
precludes all those tender and sacred feelings to which so much of onr 
best and purest happiness is due. 

Again, the religion (if so it can be called) of savages differs greatly; 
nay. in some respects, is the very opposite of ours. 

Toe whole mental condition of the savt^e, indeed, is so dissimilar 
firom ours tliat it is often very difficult tior ns to follow what is passing 
in bis mind, or to nuderstand the motives by which be is actuated. 
Many things appear nataral, and almost self-evident to him, which pro- 
duce aTery differeut effect upon ns. " What," said a Negro once to Bar- 
ton, " am I to starve while my sister has children whom she can sell T" 
Thas, tboogh savages always have a reason, such as it is, for what they 
do and what they think, these reasons often seem to us irrelevant or 
absurd. Moreover, the diGQculty of understanding what is passing id 
their minds is, of course, much enhanced by the difterences of language. 

These have produced many laughable mistakes. Thus, when Labil- 
lardi^re inquired of the Friendly Islanders (whose language we now 
perfectly understand) what was their word for 1,000,000, they seem to 
have thought the question absurd, and gave him a word which has no 
meaning; wheu he asked for 10,000,000, they said "tooofe," which I will 
leave unexplained; for 100,000,000, "laounotta,'" which means "non- 
sense ;" while, for still higher numbers, they gave him, in joke, certain 
coarse expressions, which he has gravely recorded in his table of na> 
morals. • 

A mistake made by Dampier led to more serious results. He bad 
met some Anstralians, and apprehending an attack, he says, "I dis- 
charged my gnn to save them, but avoided shooting any of them, till, 
finding that we were in great danger firom them, and that though tbe 
gun a little frightened tjiem at first, yet they had soon learned to despise 
it, tossing up their hands, and crying pooh, pooh, i>ooh ; and coming on 
afresh with a great noise, I thought it high time to charge again and 
shoot one of them, which I did." 

liins, this wretched savage lost hfs life because Dampier did not 
remember that pooh, pooh, or puff, pnff, is the name which savagea, like 
children, apply to guns. 

Again, the modes of salutation among savages are sometime very 
curious, and their modes of showing their feelings quite unlike oars. 

Kissing seems to os so natural an expression of affection, that we 
should expect to find it all over the world. Yet it was unknown to the 
Anstralians, the New Zealanders, the Paponans, the West Afirican 
iKegroes, and the Esquimanx. 

The Polynesians and the Malays always »it down when speaJdnff to a 
superior. In some parts of Central Africa it is considered icspecbml to 
turn the back to a superior. 

Captain Cook asserts that the inhabitants of Mallicolo, an island in 

the Pacific Ocean, show their admiration by hissing ; the Todas of the 

' Neilgheny Hills, in India, are said to show respect by raising the open 
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right hand to tiie brow, restiog tba thamb on Qie nose ; it is asserted 
ihai, among the Esquimaax it is customary to pull a person's nose as a 
compliment; a Cliiuaman put^ on bis bat wbere be should take it oS, 
and among tbe same curious people a coffin is regarded as a ueat and 
appropriate present for an aged person, especially if in bad health. 

Under these circumstances we cannot wonder that we have very con- 
tradictory accounts of the character and menti^ condiUou of savages. 
Keverth^css, by comparing together the accounts of different travelers, 
we can, to a great extent, climmate these sources of error, and we are 
much aided in this by the remarkable similarity between very different 
races. So striking, indeed, is this likeness, that di£fereut races, in sim- 
ilar stages of development, often present more features of resemblance 
to one another than tbe eame race does to itself in different stages of its 
history. 

Some ideas, iudeed, which seem to us at first inexplicable and fantas- 
tic, ace yet very widely distribnted. I will only allude to two. 

Probably every EngUsbmau who had not studied other races, would 
be astoaished to meet with a natiou in which, on the birth of a baby, 
tbe &tber and not tbe mother was put to bed and nursed. 

Yet, though this costom seems so ludicrous to use, it prevails very 
widely. 

Father Dobritzbofier t«UB us that among the Abigrones of South 
America, "no socmer do you bear that a woman has borne a child, than 
you see tbe husband lying in bed, huddled up with mats and skins, lest 
some ruder breath of air should touch him, and for a number of days 
abstaining religiously from certain viands; you would swear it was he 
vho had had the diild, * * * I had read about this in old times, 
and laughed at it, never thinking I could believe such madness; and 1 
used to suspect that this barbarous custom was related more in joke than 
in earnest, but at last I saw it with my own eyes among the Abigrones." 

Other travelers mention the existence of a similar costom in Green- 
land, in Kamtohatka, in parts of China, in Borneo, in the north of Spain, 
' 1 Corsica, and in the south of France, where it was called "/aire la 



It is of course evident that a custom so ancient and so widely distri- 
buted must have its origin in some idea which satisfies the savage 
mind. 

Several explanations have been suggested. Professor Max Miiller 
aays, "It is clear that Uie poor hnsband was at first tyrannized over by 
his female relations, and afterward frightened into superstition. He 
then began to make a martyr of himself, till be made hims^ really ill, 
or took to bis bed iu self-defense." 

Lafitan, to whom we are indebted for an excellent work on the manners 
of tbe American Indians, regards it as arising from a dim recollection of 
origin^ sin, r^ecting the explanation given by some of tbe savages 
tkMnselves, and which I have little doubt is the correct one, that they 
do it because they believe that if the father is engaged In any rough 
work, or was careless in his diet, the infant would suner. 

Tbts idea, namely, that a person imbibes the characteristics of an ani- 
mal which he eats, is very widely distributed. The Malays at Singapore 
used to give a large price for the fie^ of tbe tiger, not because they 
liked it, but because they believed that the man who eats tiger will be- 
come as wise and powerAd as that animal. The Dyaks of Borneo have 
a prtyudice against the fiesh of the deer, which tbe men may not eat, 
though it is allowed to tbe women and children. The reason given is that 
if the men were to eat venison, they would become as timid as deer. 
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Tbe Caribs wUI not eat the flesh of piga or of tortoises lest they shoidd 
get small eyes. Tbe Boootabs of North America eat tbe liver of the dog, 
that they may become as wise and brave as IJiat animal. 

The New Zealanders, alter baptizing an infant, nsed to make it swal- 
low pebbles, so that its heart might he hard and incapable of pity. So 
also after a battle, they nsed to cook and eat tfa& bravest and wisest of 
their fallen enemies, expecting thus to secure a share of their wisdom 
and courage. 

Another carious idea very prevalent among savages is their dread «f 
having their portraits taken. The better the likeness the worse they 
coick for the sitter: so macb life conld not be pQt into the copy except 
at the expense of the original. 

Once, when a good d^ annoyed by some North American Indiana, 
Kane got rid of them instantly by threatening to draw them if they 
remained. 

Catlin t«11s an amusing bnt melancholy anecdote in illostration of this 
feeling amon^ the same people. On one occasion he was making a like- 
ness of a chief named Mahtocbeega, in profile. This, when observed, 
excited mnch commotion among the Indians. **Why was half hib liice 
left ontl" they asked, "Mahtocheega was never afraid to look a white 
man in the face." Mahtochecga himself does not seem to have taken 
any offense, bnt Shonka, a hostile chief, took occasion to tanut him. 
"Tbe Englishman," ho said, "knows that yon are bnt half a man; be 
has painted but one-half of your face, and knows that the rest is good 
for nothing." This taunt lod to a fight, in which poor Mahtocheega was 
killed, and the whole affair was very unfortunate for Mr. Oatlin, who 
had much difflonlty in making bis escape, and lived some time in fear of 
his life. 

We cannot wonder that writing should appear to the savage even> 
more mysterious and uncanny than drawing. 

Carver allowed the Canadian Indians to open a book wherever they 
pleased, and then told them the number of leaves on each side. The 
only way they conld account for this, he says, *'was by concluding that 
tbe book was a spirit and told me whatever I asked." 

Further south the Minnatarrees, seeing Catlin intent over a copy of 
the Nea York Commercial Admertimr, were much puzzled, but at length 
concluded that it was a cloth for sore eyes. One of them eventually 
bought it at a high price. 

This belief in the niysterious character of writing has led to its being 
nsed in many parts of the world as a medicine. ' 

The Central Africans are a religious people according to their lights, 
and have great faith in the efficacy of prayers. When any one is ill, 
they write a text out of the Koran on a board, wash it off, and make 
the patient drink it. The French traveller, Cailli^, met with a man 
who bad a great reputation for sanctity, and who made his living by 
writing prayers on a board, washing them off, and then selling the 
water, which was sprinkled over various objects, and supposed to 
improve and protect them. It was soon observed that the charms were 
no protection from fire-arms ; but that did not tbe least weaken the faith 
in them, because they said, as guns were not invented in Mohammed's 
time, he naturally provided no specific against them. 

OBNAMENTS. 

Savages are passionately fond of ornaments. If in the very low races 
the women are often wholly nndecorated, this is only because the men 
keep all the ornaments to themselves. lA.OOQiC 
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Aa a general rule, we may aa^ titat races inhabiting hot dlmsteB 
oruament themselves ; those of colder coaotries, their clothes. In fact, 
all savage races who have mnch of their skin tmcovered, delight iu 
painting themselves in the most brilliaut colors. 

Althongh petfectly naked, the Australians of Botany Bay were, as 
Cnptain Cook quaintly puts it, " very ambitions to be fine." Throngh 
the nose they wore a bone, as tiiick as a man's ftnger, and five or six 
inches long. This was of course very awkward, as it prevented them 
from breathing through the nose; bnt they submitted cheeri'nlly to the 
inconvenience for the sake of the appearance. 

Tiiey had also necklaces made of sheila neatly cut and strung together, 
earrlzgs, bracelets of small cord, and strings of plaited humtui hair, 
which they woond round their viusts. Some also had gorgets of large 
shells hung round their neck; and on all these ornament? they placed 
a high value. 

They also painted tberoselves, red and white being the principal colors. 
Hie red was laid on iu broad patches ; the white generidly iu striiieB, 
or on the face in spots, often with a circle round each eye. 

Spix and Martius thus describe the ornaments of a Coroado woman, 
. whom they saw iu Brazil : " On the cheek she had a circle, and over 
that two strokes ; uuder the nose several marks resembling an m ; from 
the comers of the mouth to the middle of the cheek were two parallel 
lines, and below them ou both sides many straight stripes ; below and 
between her breasts there were some segments of circles, and down her 
fuiQS the figure of a snake was depicted." She also wore a necklace of 
monkey's teeth. 

Indeed, savages wear necklaces and rings, bracelets, and anklets, 
armlets and leglets; even, if I may say so, bodylets. Bound their 
bodies, round their necks, round their arms and legs, their fingers, and 
even their toes, they wear ornaments of all kinds. Liobteustein saw 
the wife of a Beetuan chief, in South A&ica, wearing no less than 
seventy-two brass rings. 

Kor are they particular as to the material— copper, brass or iron, 
leather or ivory, stones, shells, glass, bits of wood, seeds or teeth — 
nothing comes amiss. In the Louisiade Archipeli^o, McGillivray saw 
several bracelets made, each of a human lower Jaw, crossed by a collar 
bone; and other travelers have seen brass curtain rings, brass keyhole 
plates, lids of sardine cases, and other such iucongruons objects, worn 
with much gravity and pride. 

M^y races are very careful about their hair. The Feejee Islanders 
train it into elaborate wigs, which take some years to arrive at peifec- 
tion, so that they cannot sleep as we do^ but are compelled to iise neok- 
rests. The islanders north of Australia, though among the lowest of 
savages, are in the haiiit of dyeing their hair r^. 

Not content with hanging things on their bodies whtmver nature has 
enabled them to do so, savages often cut holes in themselves for the 
purpose. 

The Esquimaux, irom Mackenzie Biver westward, make two openings 
in their cheeks, one on each side, iu which they wear stwie ornaments 
shaped like a large shirtrStud, and which may be called cheek-studs. 

Throughout a great portion of Western America, and in parts of 
Africa, it is the custom to wear a large piece of wood in the lower 
Up. A small hole is made in the lip during infancy, and it is tben 
enlarged by degrees, the size of the lower Up being the priudpal criterion 
of beauty. 

Other races, in the same manner, enlarge the lobe of the ear, outjj it 
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sometimes reaches tbe ehonlder. Others file the teeth in varions mai:- 
ners. I>r. Barnard Davis has a Dyack skull from Borneo, in which the 
ox front t«eth are each oniaineiited by bating a sm^ brase pin driven 
into them. 

OrnamentatioD of tbe skin, again, is almost nniversal among the 
loirer races of men. In some oases every individaal follows bis own 
£»icy ; in others, each class has its own pattern. 

1^118, the Bonnonese of Central AMca have twenty cats » lines on 
each side of the face, oue iu the center of the forehead, six on each 
arm, six on each leg, fonr on each side of tbe cbest., and nine <hi each 
side jnst above the hips. This malcea ninety-one large cats, and the 
prooeaa ia aiud to be extremely punfdl, especially on aocoimt of the heat 
and fliea. 

The moat &miliar example, however, of this mode of oruamentatioD 
is the tattooing of the New Zealandera, which also canaea maoh inflam- 
mation of the skin imd great soifenng. 

Many other cases might be given in which savages ornament tttem- 
selves, as they sappose, in a manner which mast be very painAiL 

Even the shape is forcibly altered by some races of men. Thus the 
Chinese cripple their ladies by iireventing the growth of the feet: and 
some of the American races even entirely ^ter the shape of the nead, 
by tight bandages applied to the newly-born intent, a process which one 
would have expected to affect the intellect, thoogh, as far as the existing 
evidence goes, it does not appear to do 80. 

LAWS. 

Those who have not devoted mach attenti(m to the subject fawe 
g«ieraUy regarded the savage as having, at least, one advantage 
ovtx civilized man, that, namnsly, of eiyoying am amount of personal > 
freedom greater than that of inoividnais bdon^g to more civilized 
commonities. 

There cannot be a greater mistake. The savage is nowhere £ree. All 
ov«r the world liis life is regulated by a complicated set of rales and 
castoms as forcibleas laws, of quaint prohibitioiis, and nnjnst privileges— 
the prohibitions generally ^plying to the women, and the privileges to 
the men. 

The AnstnUians, says Mr. Laing, "instead of eiyoying perfect per- 
sonal &eedom, as it would at first appear, are governed by a code 
of mies and a set of customs which form one of the most crnel tjTaonies 
that has ever perhaps existed on the fisce of the etuib, sulgecting not 
mly the will, but the property and life of the weak to the dominion 
of the stnmg. The whole tendency of the ^stem is to give everything 
to the strong and old, to the pr^udioeof UiewmJcand young, and more 
particnlarly to the detriment of the women. They have rules by which 
the best food, the best pieces, the best auimals, Ac., are prohibited to 
the women and young men, and reserved fbr the old. The women are 
genwatly appropriated to the old and powerful, some of whom possess 
from fonr to six wives; while wives are altogether denied to young men, 
unless they have sisters to give in exchange, and are strong and 
oourageons enough to prevent their sisters &om being taken witbont 
exohaage." 

In 'Kthiti "the men were allowed to eat the flesh irf the pig and of 
fowls, aoda variety of flah, cocoa-nuts, and plantains, and whatever was 
presented as an offering to the gods, which the femates on pain of death 
were forbidden to touch, as it was snpposed tbey would poUnte tiiem. 
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Tbe fire on wUch the laen'e food Traa cooked was also sacred, and was 
forliidden to be used by the females. Tbe baekets in which their pro- 
visioD was kept, and the honse ia whidi the men ate, were also sacred, 
and prohibited to the femaies onder the siune cruel penalty." 

"To believe," says Sir George G-rey, "that man in a sava^ state is 
endowed with freedom, either of thought or acttoo, is in the highest 
degree erroneous." 

Moreover, if savages pass imnoticed many actioDS which we deem 
highly criming, on the other hand they strictly forbid otiiers which we 
legaid as altogether immaterial Thus the Mongols of Siberia think it 
wrong to touch fire with a knife, to use one for taking meat out of a 
pot, to cut up wood near a hearth, to lean on a whip, to pour liquor on 
tbe ground, to strike a horse with the bridle, or break one bone against 
another. 

Even in the chcace of their wives, savagea in many oases have rules 
which greatly restrict their power of aelectioD. 

In Australia (where, by the way, the sasoe fomily namee are common 
over almost the whtde continent) no man may marry a woman of the 
same name as Ms own, even though she may be no relation whatever. 

In Eastern Africa, Burton says that "some clans of Bomal Arabs will 
not many one of the same fomily." 

ThroDghout India we find that the hill txibes are divided into septs 
or clans, and that a man may not marry a woman belon^g to his own - 
dan. 

The Kalmucks of Tartary are divided into hordes, and a man may not 
marry a girl of his own horde. " The bride," says Bergman, " is always 
chosen Irom another stock; among the Uerbets, for instance, from the 
Torgot stock, and among the Torgots from tbe £>erbet stock." 

The same custom prevails among the Oircassiaus and tbe Samoyeds 
of Siberia. The Ostyaks and Yakuts also regard it as a crime to marry 
a woman of the same family, or oven of the same name. 

Among the Korth American Indians every tribe is divided into clans, 
generally from three to eight clans in eaeh tribe, and no mau is allowed 
to marry a woman of his own clan. 

Agaiu, far from being informal or exfaunponu-y, t^e soJutatioos, cere- 
mouiee, treaties, and aoatrads of savages ate characterized by the very 
opposite qualities. 

Eyre mentions that, in their intercourse with one another, natives 
of different Australian tribee are exceedingly punctilious. Mariner 
gives a long accotuit of the eiabwate ceiemonieB practiced by tbe Ton- 
gans, and of their almost superstitions regud for rank. Thns, the king 
vas by no means the mui of high(»t rank. The TooitoDga, Veacbi, and 
several others preceded him. Indeed tbe name Tooitonga means liter- 
ally " Sovereign of Tonga;" t^e offloe, however, was whoUj of a religious 
character, the Tooitonga being regairded as descended from the gods, 
if not as a deity himselH 

The Egbas, a Ne^ race of West Africa, are described by Burton as 
extremely ceremonious, aod have a great variety of salutations, tq>pll- 
cablo to every possible occasion. If an inferior meets a superior, there 
are several modes of showing vespeot. Captain Burton calculates that 
ev«7 one spends at least one boor aday m these troublesome ceremonies. 

In the religious ceremonies of Tahiti, Williams mentions that " how- 
ever large or costly the sacrifice that had been offered, and however 
near its close the most protracted ceremony might be^ if the priest omitted 
or mi^laced any word in the prayers with wuich it was accompanied, 
OT if his attention was diverted by any means, so that the prsyei was 
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' hai* or brokcD, the vhole was rendered nnaTailable ; he mnst prepare 
other rictiinSt and repeat his prayere over from the commencemeDt.'' 

A^in, in Feejee^ which is inhabited by a totally different race, we 
are told that public bnsiness was coodacted with tediotia fonnality. 
Old forms are strictly observed and innovations opposed. An abnn- 
dance of measnred clapping of hands, and snbdned exclamatioDS, charac- 
terize these occasions. Whales' teeth and other property ue never 
exchanged or presented withont a tedious ceremonial. 

But little consideratioQ is required to show that this is quite oataial. 
In the absence of writing, evidence of contracts mast depend on the tes- 
timony of witnesses; and it is necessary, therefore, to avoid all haste 
which might lead to forgetf nluess, and to imj^nt the ceremony as much 
as possible on the minds of those prescnti. 

Among the lower races of men the chiefs scarcelytake any cognizance 
of crime. As regards private injuries, every one protects or revenges 
himself. Thus, among the North American Indians, even in cases of 
mnrder, the fhmily of the deceased only punish the aggressor if they 
can. The chiefs and rulers do not feel called on to interfere. Indeed, 
it would seem that the object of legal regaladons was at first not so 
much to panish the offender as to restrain and mitigate the vengeance 
of the aggrieved party. 

The amount of legal revenge, if I may so call it, is often strictly regu- 
lated, even where we should least expect to find such Umitations. Ihns, 
in Australia* "crimes may be compounded for by the criminal appear- 
ing and submitting himself to the ordeal of having spears thrown at him 
by all such i)er&ons as conceive themselves to have been aggrieved, or 
by permitting spears to be thrust throngh certain parts of his body, 
such as through the thigh, or the calf of the leg, or noder the arm. The 
part which is to be pierced by a spear is fixed for all common crimes, 
and a native who has incurred this penalty souietimes quietly holds ont 
his leg for the injured party to thrust his spear through.'* So strictly 
is the unoant of punisbment limited, that if, in inflicting snch spear 
voniids, a man, either throagh ou^lessness, or from any other canfi& 
exceeded the recognized limits, if, for instance, he wounded the femoral 
artery, be would in his turn become liable to itunishment 

Such cases as these seem to throw great light on the origin of the idea 
of property. As soon as any rules were laid down regulating the nature 
or amount of revenge for distorbance in possession, or when the chief 
thoDght it worth while himself to settle disputes so arising, and thus, 
while increasing his own dignity and influence, to check quarrels which 
might otherwise prove uijurious to the tribe, the natural effect wonld be 
to develop the idea of mere possession into that of property. 

Since, then, crimes were at first regarded as mere personal matters, 
in which the aggressor and his victim alone were interested, eveiy 
crime, even mnr&r, might be atoned for by the payment of a anm of 
money. 

Among the Anglo-Saxons every part of the body had a recognised 
value. Thus, the loss of a Jront tooth was valued at six shillings; that 
of a beard was reckoned at twenty shillings; while the breaking of a 
thigh was only put at twelve, and of a rib at three; facts which show 
both the high value of money, and also the importance attached by our 
ancestors to their personal appearauoe. Moreover, these payments had 
reference to the it^juiy done, and had no relation to the crime as a crime. 

This is, no doabt, the orig^ of the great difference In the penalties 
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inflicted by andent lavs on manifest and non-manifest thieves, tbat is, 
on oflfenders oanglit in the act, and those only detected after delay. 
Thus, in the old Boman law the manifest thief, who was canght in the 
act, or with the goods still npon him, became the slave of the person 
robbed; while the DOn-manifest tMef was tmly compelled to pay twice 
the valne of what he had stolen. 

I'he same principle occurs in the German and in the North American 
Indian laws, thus following the rule of private vengeuioe, and the pro- 
portion of revenge likely to be taken by an aggriev«l person onder sach 
circumstances. 

The severity of early codes, and the aniformity of pnnishment which 
characterizes them, is probably due to the same cause. An individual 
who felt himself aggrieved would not weigh very closely tbe amonnt of 
vengeance he was entitled to inflict ; and as it would he the object of 
early lawgivws to enconrage resort to the public tribunals, and to dis- 
conrage private vengeance, they would natarally ieel it undesirable that 
the penalty imposed by law should at first be much less than that which 
onstom allowed the party aggrieved to take for himself. 
UABBU.GE AKD &ELA.TIONSHIPS. 

Another subject on which savages entertain notions very different &om 
onrs is that of relationships. All our ideas of relationship are founded 
on marriage and on the family. We regard a child as related equally 
to its father and its mother: we make no difference between a father's 
brother and a mother's brother on the one baud, a father's sister and a , 
mother's sister on the other. They are respectively uncles and aunts. 
But among savages it is not so. The rel^ionship to the clan almost 
supersedes that to the family. The position of the women is very unfor- 
tnnate. They are treated like slaves, or almost like domestic animals. 
Thus, in Australia, little real affection exists between husband and wife, 
and young men value a wife principally for her services as a slave; in 
foet, when asked why they are anxious to obtain wives, their usual reply 
is, that they may get wood, water, and food for them, and cany what- 
ever property they possess. 

The position of women in that country seems, indeed, to be wretched 
in the extreme. 

"Few women," says Byre, "will be found upon examination to be free 
from frightful scars upon the head, or the marks of spear wounds about 
the body. I have seen a yonng woman who, from the number of these 
muks, appeared to have beenalmostriddled with spear wounds." Aud 
it seems that, if they are at all good-looking, their position is, if possible, 
even worse than otherwiae. 

Bven in marriage, there is, among the lowest races of men, Bttle 
flBeling of lo^'e ; many of the lower languages are sadly deficient in terms 
of offMStion. Pure love-sougs are almost unknown, or very rare, among 
the lowest races of men. From the nature of their dwellings, there is 
mudi less privacy than among ourselves ; the clan feeling is strong, 
and the taibe generally has an interest in the produce of the chase or 
fishery of each. These and other circnmstanoea strengthes the feeling 
for the tribe as against that for tbe family. 

Mfuiy insttuices, indeed, are recorded among tbe lower races of men 
where marriage may be said to be unknown, and where children mast, 
therefore, be regarded as related by tribal rather than family connections. 
Traces tk Ukis state of things exist in some cases long after the actual 
condition has ceased to exist 

Thus, even in oar own langnage, words which now indicate relation- 
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^bip bad, originally, no snch significftfion : the irard danghter, toe in- 

Btaoce, meaning literally " milkniaid^'' and tbns dating back to a time 
whm onr ancestora did not reoogniae tbe "family" as it nov existB 
among ns. Mr. Morgan has pointed ont a very interesting illnstration 
of the same i^ct in the langnage of the Sandwich Islands. The word 
"waheena" Stands equally for wife, wife's sister, brother's wife, and 
wife's brother's wife. So again, ^^katkee," child, also signifies brothel's 
wif^s child and wife's brother's wife's child. The same ideas of relation- 
ship are indicated by the application of the word " hna,^ i. e. hnsbaDd. 

That this does not arise ^m mere poverty of langnage is evident, 
becsDse the same system discriminates between other relationships we 
do not distiagai&h &om one another. 

Perti^m the contrast is most cleariy shown in the wonte for brothn*- 
in-law and sister-in-law. Thns, if a woman is speaking, the word finr 
Hister-in-law=hasband's brothers wife, iBpuntUaa, and fbr sister-in-law= 
hoflband's sister, katkoalca; bnt brother-in-law, Trhetber sistei's hnsband 
or hnshand's brotlier, is ftana=hasband. On the contrary, when a man 
is speaking, the word for sister-in-law = wife's sister or brother's wife, is 
waAeena^vite ; bnt brother-in-law = wife's brother, is kaiktaka, and for 
wife's sister's hnsband, punalua. Thus, a woman has husbands and 
sisters-ia-law, bnt no brothers-in-law, while a man has wives and brothers- 
in-law, bnt no sisters-in-law. The same idea mns through all other 
relationship, cousins being regarded as brothers and sisters. So again, 
while the Romans distinguished between father's brother =|Kttma«, and 
, mother's brother = ai^KRcuItu ; and again, father's Bister=(»Rtta, and 
mottier's BiBter=niaterter(i; the two first in Hawaian are moftva Jkano. 

Thus, the idea of marriage does not in fact exist in the Sandwich 
Island system of relationship. Uncteships, anntehips, cousinships, are 
igDored, and we have only grandparente, parents, brothers and sisters, 
cbildreQj and grandchildren. 

Here it is clear that the child is related to the gronp. It is not • 
specially related either to its father or ite mother, who stand in the same 
relation as mere undee and aunts, so that every child has several fathers 
and several mothers. 

To oar English ideas, the question of the origin of marri^e seema 
devoid of difficulty, nay, even of significance. The married state is one 
with which we are so familiar, it is so interwoven with all our fiunily life, 
tin oar sense of social duty, that we are apt to regard it as universal and 
aboriginal. This, however, is not the case. Facts like those just refer- 
red to-t-and, if time pennitted, many others might be given — show that 
the condition of the lowest races of men is that not of individual marriage 
as it exists among us, but of communal marri^;e, if I may call it so. 
Even, however, under the system of communal manjage, a man who had 
Ofqitared a beautiful giii in some marauding expedition would wish to 
keep her to himself. She did not belong to the tribe ; they had no right 
to her ; be might have killed her if he had chosen ; and if he preferred 
to beep her alive, it was no affair of th^rs ; she was as much his indi- 
vidaal property as his spear or his bow. Hence a form of individual 
marriage would rise up by tlie side of the commnnal marriage. This 
theory explains the extraordinary anbjection of the womui in marriage; 
it explains the very widely distributed ooatom of "exogwny," or that 
custom wbich forbids marrit^e within the tribe; the necessi^ of ezpia- 
tion for marriage, as an infimigemeat of taribal ri^ts, Bince, aocording 
to old ideas, a man had no right to appropriate to himself that which 
belonged to the whole tribe; and, lastly, theremsrkable'prevaleQoeof 
the form of CBptare in marriage. i C iCKH^IC 
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Among the radest laoes c^tnre is far more than a form, and it is 
cnBtomary for men to steal women by force from other tribes. 

Heame, who feuew the North American Indians thoronghly well, and 
whose statements have been confirmed by sabseqaent travelers, as for 
instance by Franklin and Bichardaon, aesares as that amonft the !N'orth- 
em tribe^ it has ever been the costom for the mea to wrestle for any 
woman to whom they are attached; and of coarse the strongest always 
carries off the prize. "A weak man," he adds, "is seldom permitted to 
keep a wife, that a stronger man thinks worth his notice," vhich, he says, 
"keeps lip a (p-eat spirit of emnlation among the yoang men." It mnst 
be observed that this is not regarded aa any lurbitrary exercise of power, 
bat it is a recognized right that a strong man may carry off the wife of 
a weaker one if be can ; and it would appear that even the women aoqai- 
esce in this costom without a murmur. 

I will now give a few instances, in order to show how wid^y this 
custom of marriage by capture prevails'among the lower races of men, 
and that traces of it linger even lunong those rdgher in the scwle of civ- 
ilization. 

In Anstralia, the ardent lover steals on the dark object of his affections, 
knocks her down with his dab, and drags her off in triumph. This 
violent affection is not resented by the relations of the woman, if they 
are not able to rescue her at the moment On the contrary, she is recog- 
nized as the legal wife of her captor. 

In Bali, one of the islands between Java and New Guinea, it is stated 
to be the practice that girls are stolen away by their lovers, who carry 
tbem off by force to the woods ; when brought back from thence the 
poor female becomes tbe slave of her rough lover, by a certain compen- 
sation being paid to her relatives. 

Speaking of the Khouds, a tribe in India, Miyor General Campbell 
mentions that, on one occasion, hearing loud cries, be went to see what 
was the matter, and foond a man carrying off a girl, while twenty or 
thirty friends protected him &om the attacks of a number of womeUj who 
were attempting to rescue the bride. The struggle continued until the 
bridegroom reached his own house, and General Campbell was assored 
that, among the Khonds, marriages were always solemnized in this 



Among theKalmncks of Central Asia the marriage ceremony is even 
more romantic Tbe girl is put on a hoise and rides off at full speed. 
When she has got enough start the lover starts in pursuit ; if ho catches 
ber, she becomes his wife ; but if he cannot overtake her, the mateh is 
broken off; uid we are assured, which I can well b^eve, that no Ktd- 
muck girl was ever caught against her will. 

Agwn, among the Abitas of the Fhilippine Idands, when a roan 
wishes to marry a girl, her par^its send her before aoniise into the 
woods. She has an hour's start, after which the lover goes to seek ber. 
If he finds her and brings her back before sunset, the mairiage is ac- 
knowledged ; if not, he must abandon all claim to her. 

" Tbe aborigines of the Amazon Valley," says Wallace, "have no par- 
ticnlar ceremony at their marriages, except that of always carrying 
away tbe girl by force, or making a show of doing so, even when she 
and ber parents are quite willing." 

M. Bardel mentions that among the Indians round Conception, in 
Gbili, on the other side of the Andes, after a man has agreed <m the 
price of a girl with her parents, the recognised mode of proceeding is 
tbat he surprises hex, or is supposed to do so, and carries her off to the, 
woods for a few days, after which the happy coaple retnm home. 
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As regards Enrope, we fliid just the same thing; the Bomaiis bad a 
Bimilar cnstom, and traees of it occur in Greek history. 

So deeply 'rooted is the feeling of a connection between force and 
marriage, that vre find the former used as a form long after all necessity 
for it as a reality had ceased to exist ; and it is very interesdog to trace, 
as Mr. McLennan has done, the gradual stages through which a stem 
reality softeus down into a mere symbol. 

For, as communities became larger aud more civilized, the actuai cop- 
ture became inconvenienl, and, indeed, impossible. Gradually, tJierefore, 
it sunk more aud more into a mere form. 

In Korth Friealand the bride makes a sbow of rerastance, and is liit«d 
by mock force into the wagon which is to take her home. 

Hence, no doubt, the cnstom of lifting the bride over the doorstep, 
which occnrs or did occor among the Romans, the redskins of Canada, 
the Chinese, and the natives of Abyssinia. Hence, also, perhaps oar 
custom of the honeymoon | and hence, also, may be, as Mr. McLennan 
has suggested, the ^pper is thrown in mock anger after the departing 
bride aud bridegroom. The latter suggestion is indeed very doabtfiil; 
still it is remarkable how persistent are all customs and ceremonies con- 
nected with mairiage. Thus our "bridecake," which so invariably 
accompanies a wedding, and which must always be cat by the bride, 
may be traced baek to the old Boman form of marriage by " confitrreatio^ 
or eating together. So also imong the Iroquois, the bride and bride- 
groom used to partake together of a cake of sagamite, which the bride 
always offered to ber husband. Again, among several of the Indian Hill 
tribes, the bride prepares some drink, sits on ber lover's knee, drinks 
half berself, and gives him tltc rest. 

It reqnires strong evidence, which, however, ezista in abundance, to 
satisfy us that marriage was, in its origin, independent of all sacred and 
social consideration^ J that it bad no&ing to do with mutual affection 
or consent ; indeed, that all appearance of consent was forbidden ; so 
that it was symbolised not by any demonstration of warm affection on 
the one side, and tender devotion on the other, but by brutal violeaoe 
aud unwilling submission. 

Yet, as already mentioned, the evidence is overwhelming. Marriage 
by capture, either as a reality or as a form, has been shown to exist in 
Australia, and among the Malays, in Hindostan, Central Asia, Siberia, 
and Kamtebatka, among the Esquimaux, the northern redskiDs of 
America, the aborigines of the Amazon Valley, in Chili and in TierrA 
del Faego, in the Pacific Islands, in the Philippines ; among the Araba, 
Negroes, and Cuvafisiana ; aud, untU lately, in various parts of HorOtern 
Europe. 

I will now proceed to the consideration of the statement that tbe 
second stage in the development of the idea of fomily consists in the 
recognitiou of relationship to the mother, that to the utber being still 
overlooked. 

In almost all tropical conntries polygamy is very fi^nent j the chiefe 
especially take to themselves a large number of wives. In Western 
Africa, for instance, the king of Asbantee made it a point of honiir to 
have always 3,333 wives. Among hunting races, though polygamy is 
less prevalent, men who are powerful, either physically or socially, fre- 
quently appropriate to themselves the wives of those who are weaker. 
Either of these conditions — either the multiplicity of wives, or ilreqnent 
changes, would weaken very much the tie between father and child. 
Hence, probably, the curious foct, that in many parts of the world a 
man's property does not descend to his o' ' " " -" but to those of bis 
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sister; relatioDsbip, and, consequently, iDheritance, being Leld to descend 
iu the female line, and not in the mfUe, as among ourselves. 

Tliis is tlic case ainrfng the Negroes of Guinea, among the Berbers in 
Sorth Airiea, and the Ai-abs in the East, It occurs among several of 
the Hindostan tribes, among tlie Battas of Sumatra, the red Indians of 
Korth America, the black islanders of the Pacilie, and elsewhere. 

Obviously, however, as civilization progressed, and the moral feelings 
became stroager, a feeling of opposition to these arrangements would 
arise. As fatnily lite became more developed, the affection between 
father and child would become stronger; and as property b&eame more 
important, men would wish their goods to descend to their own children, 
who would themselves obviously desire to inherit their father's property. 

And as man, like a pendulum, always passes from one extreme to 
another, so, having long considered that children were related to tlieir 
mother, but not to their father, when they recognized the relation on 
the paternal side, they went into the other extreme, and neglected that 
to the mother. 

How completely the idea of relationship through the father, when 
once recognized, superseded that through the mother, we may see in the 
very curious trial of Orestes — the sou of Agamemnon and Clytem- 
nestra — as recorde<l by an ancient Greek poet. 

Clytemnestra murdered Agamemnon, whose death was avenged by 
Orestes. For this act he was fabled to have been prosecuted before 
the Greek gods by the Furies, whose duty it was to punish those, and 
those only, who had slain their relatives. 

In his defense Orestes asked them, why they did not punish his 
mother, Clytemnestra, for the murder of her husband, Agamemnon, 
and when they answer that marriage does not constitute bloodrelation- 
ehip, he plea^ls that, by the same rule, they cannot touch him, because, 
he says, a child is a relation to his father, but not to its mother. 

This view, which seems to us so unnatural, was nevertheless supported 
by Apollo and Minerva, and being adopted by a majority of the judges, 
led to the acquittal of Orestes. 

Hence we sec that at first the feeling of clanship prevailed rather 
than that of family, and that children were reganlcd as related to the 
tribe rather than to their parents; that, secondly, they were considered 
to be related to the mother, but not to the father; thirdly, to the father, 
but not to the mother; lastly, and lastly only, as among ourselves, to 
both father and mother. 

We see, therefore, that the lowest savages are entirely deficient in the 
idea of marriage and of family^ and that the position of women is 
wretched in the extreme. The ideas of relationship, founded on mar- 
riage, have only gradually been acquired, and thus civiUzation has 
raised the position of woman, and making her'a helpmeet instead of a 
slave, has purified and softened all tho conditions of social life. The 
higher position of woman is one of the points in which we see most 
clearly the enormous advantage of civilization over barbarism. 



The religious condition of the lower races of mankind is one of the 
most difficult, although, at the same time, most interesting portions of 
my subject. 

It is most difficult, partly because it is far from easy to communicate 
with men of a different race on such an abstmse subject; partly because 
many arc reluctant to discuss it; but mainly becanse, even among those 
nominally professing the same religion, there are always in reality great 
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differences; individuals — as I stall eodeavor to show you is also the 
case with nations — acquiring continnally grtinder, and therefore more 
correct ideas, as they rise iu the scale of civilization. 

Still, as new religious ideas arise, they do not destroy, bat are only 
SQperindaced upon the old ones j thus the religion of the ancestors be- 
come the nursery tales of their descendants, and the old Teutonic deities 
of our forefathers are the giauts and demons of our children. 

It has hitherto been usual to classify religions either according to 
the name of the founder or the objects worshipi^d. Thus one division 
of the lower religions has been into Fetichism, defined as the worshij) of 
material substances ; Sabieism, that of the heavenly bodies, the sun, 
moon, and stars; and Heroism, or the deification of men after death. 
This and other similar systems are simple, and have certainly some ad- 
vantages, especially aa regards the lower races of men and the lower 
forms of religion. They are not, however, really natural systems; there 
is no real difference between the worship of the sun and that of a rock 
or lake. No doubt to us the buq seems a grander deity, but of the nmin 
faets on which that opinion rests the savage is entirely ignorant. 

Moreover, Ileroism is found among races as low iu the scale of civili- 
zation as either Fetichism (in the above definition, which, however, I do 
not adopt) or Sabxism, and indeed the three forms of religion indicated 
above may coexist in one people, and even in the same individual. The 
true classification of religions should, as it seems to me, rest, not on the 
mere object worshipped, but on the nature and character ascribed to 
the deity. 

It is a nmch disputed question, into which I will not now enter, 
whether the lowest races have any religion or not. 

However this may be, it is at least clear that the religion of the lower 
savages is very unlike that of most advanced ratws. Indeed, iu many 
respects it is the very opi>osite. Their deities are evil, not good; they 
may be forced into compliance with the wishes of man ; they require 
bloody, and rejoice even in human, sacriflces: they are mortal, not im- 
mortal; part of nature, not the creators of the world; they are to be 
approached by dances rather than by prayers; and often approve of 
vice rather than of what we esteem as virtue. 

The ideas of religion among the lower races of man are intimately 
associated with, if indeed they have not originated IVom, the condition 
of man during sleep, and especially from dreams. 

Sleep and death have always been regarded as nearly related to one 
another. Thus, in classical nij'thology, Somnus, the god of sleep, and 
Mors, the god of death, were both fabled to have been the children of 
TSos, the goddess of night. 

So, also, the savage would naturally look on death as a kind of sleep, 
and would expect and hope — hoping on even against hope — to sec his 
friend awake from the one as ho had often done from the other. 

Hence, probably, one reason for the great importance ascribed to the 
treatment of the body after death. 

But what happens to the spirit during sleepi The body lies lifeless, 
and the savage not unnaturally concludes that the spirit has left it. In 
this he is confirmed by the i>beuomena of dreams, which consequently 
to the savage have a reality and an importance which we can scarcely 
appreciate. During sleep the spuit appears to desert the body, and, 
as in our dreams, we seem to visit other countries aud distant regioUK, 
while the body remains as it were liteless; the two phenomena were 
naturally placed side by side, and regarded 33 the complementa one of 



THE LOWEB RACES OP MAN. 355 

Hence, the savage conaiders the events in bis dreams as real as tbose 
which bappen wlien be is awake, and hence lie naturally feels that be 
bas a spirit which can quit the body — if not when it likes, atleast under 
certain circumstances. 

Thus, Burton states, that, nccordinf; to the Jorabans, a Western Afii- 
caa tribe, "dreams are not an iiTe^ular action and partial activity of 
the brain, but so many revelations from the spirits of the departed." 

So strong, again, was the North American faith in dreams, that on 
one occasion, when an Indian had dreamed that he was taken captive 
and tortured, be induced bis friends to make a mock attack upon him, 
and actually submitted to very considerable suffering, iu the hoite that 
he would thus fulfill his dream. 

ThQ Greenlanders also believe in the reality of dreams, and think that 
at night tlicir spirit actually goes hunting, visiting, courting, and so oo. 
It is of course obvious that the body takes no part in these nocturnal 
adventures, and beuce it is natuml to conclude that they have a spirit 
which can quit the body. 

Lastly, when they dream of their departed friends or relatives, savages 
firmly believe that they are visited by the spirits of the dead, and beuce 
believe, not indeed In the immortality of the soul, but in the existencft 
of a spirit which sur^'ives, or may survive, the body. 

Again, savages are seldom ill ; their sufi'erings generally arise from 
wounds; their deaths are generally violent. As an external injury 
received, say, in war, causes pain, so when they suffer internally, they 
attribute it to some enemy within them. Hence, when an Aoatralian, 
I>crbaps after too heavy a meal, has his sinmbers disturbed, be is at no 
loss for an explanation, and supposes that he has been attacked by some 
being whom his companions could not see. 

This is well illustrated in the following passage from Captain Wilkes's 
voyage: ''Sometimes," be says, "when the Andtralian is asleep, Koin, 
as they call this spirit, seizes npon one of them and carries him off. 
The person seized endeavors in vain to cry out, being almost strangled. 
At daylight, however, Koin departs, and the man finds himself again 
safe by his own fireside." Hero it is evident that Koiu is a personifica- 
tion of the nightmare. 

In other cases the belief that man [lossesses a spirit seems to have been 
suggested by the shadow. Thus, among the Feejeeans : "Some," says 
Mr. VVilliums, " speak of man as baviog two spirits. His shadow is called 
the 'dark spirit,' which tbey say goes to Hades. The other is his like- 
ness refiected in water or a looking glass, and is supposed to stay near 
the place in which a man dies. Probably this doctrine of sbsidows has 
to do with the notion of inanimate objects having spirits. I once placed 
a good-looking native suddenly before a mirror. He stood delighted. 
' Now,' said he softly, ' I can see into the world of spirits.' " 

But though spirits are naturally to be dreaded, on various accounts, 
it by no means follows that they should be conceived as necessarily 
wiser or more powerful than man. Of this our spirit-rapjiers and table- 
tnrners afford us a familiar illustration. So also, the natives of the 
Nicobar Islands pnt up scarecrows round their villages to frighten away 
hostile spirits. The natives of Kamtcbatka insult their deities if their 
wishes are unfulfilled. They even feel a contempt for them. " If Ku tka," 
they say, " had not been stupid, would he have made inaccessible moun- 
tains and too rapid rivers t" 

The Lapps made images of their gods, putting each in a separate box, 
on which was written the name of the deity, so that each might know 
its own box. .Otl^^lC 
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Tlic Kyoutigtlia, of Ohittag:oDg, are Buddhists. Their village temples 
contoiD a small stand of bells, aad au image of Boodb, vbicli the villa- 
gers generally worsliip nioming and evening ; " first," as Captain Lewia 
states, "ringing the bells to let him know tbey are there." The Sinto 
temples of the Sim Goddess in Japan also contain n bell, intended, as 
Bishop Smith tells us, "to arouse the goddess, and to awaken heratteii- 
tion to the prayers of her worshippers." 

Casalis states that when a Kathr is on a marauding expedition, he 
gives ntterance to those cries and biases in which cattle-drivers indulge 
when they drive a herd before them, thinking in this manner to t^ersuade 
the poor divinities of the country they are attacking, that he Is bring- 
ing cattle to their worshippers, instead of coming to take it from them. 

Many other illustrations might be given, but these are suf^cientto 
show how low and degraded is the savage conception of the Dinne 
nature. Gradually, however, as the human mind expands, it becomes 
capable of higher and higher realizations. 

I will now describe very shortly the religions of some savage races, 
beginning witli the lowest, which may be called Animism. 

The religion of the Australian, if it can be so called, consists of a 
belief in the existence of ghosts, or spirits, or at any rate of evil beings 
who are not mere men. This belief cannot be said to influence them by 
day, but it renders thorn very unwilling to quit their camp-fire by night, 
or to sleep near a grave. They have no idea of creation, nor do tbey 
use prayers; they have no religious forms, ceremonies, or worship. 
They do not believe in a Supremo Deity, or in the immortality of the 
soul, nor is morality in any way connected with their religion. 

An interesting account of the religious condition of the northern 
natives has been given by a Mrs. Thomson, a Scotchwoman, vrbo was 
wrecked on that coast, and lived alone with the natives for nearly five 
years, when she was re&cued by a English ship. The Australians all 
over the continent have an idea that when the blacks die they tiu'n into 
whites. Mrs. Thomson herself was taken for the ghost of a woman 
named Giom, and when she was teased by the children, the men would 
often say, " Leave her alone^ poor thing ; she is nothing, only a ghost.'' 

Tliis, however, did not prevent a man named Baroto making her his 
wife, which shows how little is really implied in the statement that the 
Australians beUeve in the existence of spirits. In reality tliey do uo 
more than believe in the existence of men slightly diU'ercnt trom aud 
somewhat more powerful than themselves. 

FETICHISM. 

The Fctichism of the JJegTO is a step in advance, because the influeace 
of religion is much raised in importance. Nevertheless, from one point 
of view, Fctichism may be regarded as an anti-religion ; for the Negro 
believes that by means of the Fetich ho can coerce and control the 
deity. 

Indeed, Fctichism is mere witchcraft. Wo know that all over the 
world would-be magicians think that if they can obtain a part of an 
enemy, or even a bit of his clothing, they thus obtain a control over 
him. 

Nay, even the knowledge of the name is supixtsed to confer a certain 
power. Hence the importance which savages attach to names. Thus, 
for instance, the true name of the beautiful Pocahontas, a celebrated 
Virginian chieftainess, was Matokes; but this name was enuf folly con- 
cealed from the English, lest it should give them a power over her. For 
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tbc same reason tlie Eomans ciireftiUy concealed the name of the piitron 
saint of their city. 

In other casea it ivas thonght snfiicieiit to make an image to ri't)reseut 
the original. Thus, even in the 11th century, and in Europe, some 
unfortunate Jews were accused of murdering a certain Bishop Eberhard, 
by making a wax figure to represent him, and then burning it, wliereby 
the bishop died ; this indeed was a common form of witchcraft. 

Now, Fetichism seems a mere extension of this belief. The Scgro 
supposes that the possession of a Fetich representing a deity makes 
that deity his slave. 

A Fetich, therefore, diSFers essentially from an idol. The one ia 
intended to raise man to the contemplation of the deily ; the other to 
bring the deity within the control of man. Aladdin's lamp is a familiar 
instance of a Fetich ; and indeed, if witchcraft be not confused with 
religion, Fetichism can hardly be called a religion. 

The low religions conceptions of the Negroes are well illnstrated in 
the general belief that the Fetich sees with its eyes as we do ; and so 
literally is it the actual image which is supposed to see, that, when the 
Negro is about to do anything of which he is ashamed, he bides his 
Fetich in his waistclotb, so that it may not be able to see what is going 
on. Fetichism, strictly speaking, has no temples, idols, priests, sacri- 
flees, or prayer. It involves no belief iu creation, or In a future life, 
and, a fortiori, none in a state of future rewards and punishments: it is 
entirely indejiendeut of morality. 

TOTEMISM. 

The next stage in n>ligions progress is that which may be called 
Totemism. The savage does not abandon his belief in Fetichism, from 
which indeed no race of man has yet entirely freed itself, but he superin- 
duces on it a belief iobeings of a higher and more mysterious nature. In 
this stage everything is deified — stones, rivers, lakes, mountains, the 
heavenly bodies, even animals and plants. 

Various theories have been suggested to account for tlie origin of the 
dei&cation of such objects. I believe that it arose principally in this 
way : A chief being named aft«r some tree or animal, say the Black 
Bear, or the Eagle, his family would naturally take the same name. 
They would then come to look on the animal aiter which they were 
named, first with interest, then with respect, and at length with a sort 
of awe. 

In Australia, we seem to find the Totem, or, as it is there called, the 
"Kobong," in tlio very process of deification. Sir George Grey tells us 
that eaeh family takes some animal or plant as its sign or "Kobong." 
No native will intentionally kill or eat his "Kobong," which shows that 
there is a mysterious feeling connected with it; but we are not told that 
in Australia the Kobong is regarded as a deity. 

In America, on the other hand, the redskins worship their Totem, 
from which they believe themselves to be actually descended. 

If we remember how low is the savage conception of a deity, we shall 
see that the larger and more powerful animals do, in fact, to a great 
extent, fulfill his idea. 

This is especially the case with nocturnal animals, snch as the lion 
and tiger. As the savage crouching by the side of his camp-fire at night 
listens to the cries and howls of the animals prowling round, or watches 
them stealing like shadows among the trees, what wonder if he weaves 
mysterious stories abont them, and eventually fancies them something 
jDore mysterious than mere mortal beings. 
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The worship of the serpent is very prevalent. Its hite, so tri&ing in 
appearance, aud yet so deadly, producing fatal effects rapidly, and ap- 
parently by no adequate means, suggests to the savage almost irresisti- 
bly the notion of something divine, according to bis notions of divinity. 

There were also some lower, but powerful considerations, which tended 
greatly to the development of serpent-worship. The animal is long- 
Uved, and easily kept in confinement; hence the same individual might 
be preserved for a long time, and easily exhibited at intervals to the 
multitude. In Guinea, where the sea and the serpent were the principal 
deities, the priests encouraged the worship of tlie latter expressly, as we 
are told, because ofierings presented to the sea were washed away by 
the waves, which was not the case with those offered to the serpent. 

It is somewhat more difficult to understand the deification of inani- 
mate objects. In fact, however, savages scarcely believe in the exist- 
ence of inanimate objects. Chapman mentions that the Bushmen in 
South Africa thought his big wagon was, the mother of his small one. 
Heame tells us, that the North American Indians never hang up two 
nets together, tbr fear they should be jealous of one another, and that 
they prefer a hook which has caught a big fish to fifty which have not 
been tried. 

The South Sea Islanders not only believed that their animals had 
souls, but also that this was the case with inanimate objects. Hence, 
the savage broke the weapons and buried with the dead, so tliat their 
souls might accompany that of their master to the laud of spirits. 
Hence, ali^o, on oue occasion the king of the Koussa Kaffirs having bro- 
ken a piece of iron from a stranded auchor, died soon after, n|X)n which 
the Kaffirs immediately concluded that the aucbor was alive and had 
killed tiheur king. 

Some such accident probably ga^■e rise to the ancient Mohawk notion, 
that some great misfortune would befall any one who spoke while cross- 
ing Saratoga Lake. A strong-minded English woman on one occasion 
purposely did so; and, after landing, rallied her boatman on his super- 
stition; bat I think he had the best of it after all, for be at once replied, 
that the Great Spirit was merciful, and knew that a white woman could 
not hold her tongue. 

We find, indeed, the worship of lakes and rivers, or traces of it, all 
over the world. Even our own island is full of sacred wells and springs, 
and Scotland and Ireland especially abound with legends about water- 
spirits. I have myself seen a well in Rosshire hung round with the 
offerings of the peasantry, consisting principally of rags and half-pence. 

The worship of upright stones is also very widely distributed. This 
form of worship has been explained by M. Linlanre as arising from the 
respect paid to boundary stones. I do not doubt that, in the case of 
some particular stones, it may have so arisen. The heathen deity, 
Hermes, or Termes, was evidently of this character, and hence we may 
explain the peculiar aud apparently antagonistic peculiarities attached 
to him. 

"Mercury or Hermes," says Lempriore, "was the messenger of the 
gods; he was the patron of travelers and shepherds; he conducteil the 
souls of the dead into the infernal regions, and not only presided over 
orators, merchants, and declaimers, but was also the god of thieves, 
pickpockets, and all dishonest persons. He invented letters aud the 
lyre, and was the originator of the arts and sciences." 

It is difficult at first to see the connection between these various 
offices, characterized as they are by such opposite peculiarities. Yet 
they all follow from the custom of making boondaries by upright stonce. 
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Hence the name of Hermes or Termes, a bonnilary or terminus, while 
the name of the corresponding Roman deity, Mercury, is connected with 
the word "marcb," or boundary, whence otur title of martjnis, meaning 
originally a person to whom was intrusted the duty of guarding the 
" march," or neutral territory, which in the troublous times of old it 
was customary- to leave between the possessions of different nations. 

These marches, not being ciUtivated, served as grazing gronnds; to 
them came merchants to exchange on nentral ground the products of 
their respective countries; here also, for the same reason, treaties were 
negotiated; here also international games and sports were held. Up- 
right stones were used to indicate places of burial; and lastly, on them 
were inscribed laws and decrees, records of remarkable events, and the 
praises of the deceased. 

Hence Mercury, represented bj' a plain upright stone, was the deity 
of travelers, because he was a landmark ; of shepherds, as presiding over 
pastures; he conducted the souls of the dead into the infernal regions, 
because even in the very early days upright stones were used as tomb- 
stones ; he was the god of merchants, because commerce was carried on 
mainly at the frontiers: and of thieves out of sarcasm. He was the 
messenger of the gods, bccanse ambassadors met at the frontiers; and 
of eloquence, for the same reason. He invented the lyre and presided 
over games, because contests in music, &c., were held on neutral ground ; 
and he was said to have invented letters, because inscriptions were 
engraved on upright pillars. 

iStone-worship in its lower' phases has, however, I think, a different 
origin, and is merely a tbrm of that indiscriminate worship which 
characterizes the human mind in one phase of development. 

Fire, again, is worsbippetl all over the world. In ancient times it 
was far from being so easy to light a fire as it is now that we liave lucifer 
matches and varions other appliances for the pur[>ose. In some parts 
of Tasmania and Australia the natives, if their tires went out, iM-el'erred 
to go long distances to get a fresh spark from another tribe rather than 
attempt to light one for themselves. 

In somewhat more advanced communities, as, for instance, in some of 
the North American tribes, and in the familiar instance of Uome, certain 
individuals were told off to keep a fire continually burning. Thus would 
naturally arise the idea that this fire was something sacred and holy. 
The name of the classical goddess of fire, Vesta, or Hestia, means lit 
erally a health. 

The worship of fire naturally reminds us of that of the heavenly bodies, 
and especially of the sun and moon. When once the idea of religion 
had arisen, no one can wonder that they should be regarded as deities. To 
us indeed this worshi]) seems to contain much that is grand ; and while 
many writers have refused to believe it possible that man could ever 
really have worshipped animals and plants, almost uU have regarded that 
of the sun and moon as natural and appropriate. 

Yet the sun and moon do not appear to have suggested tlie idea of 
divinity to the savage mind by any other process than that already 
alluded to in the case of animals. The lowest races have never raised 
their minds to the contemplation of the sun or moon as deities. This 
worship commences only in the stage above Fetichism, that is to say, as 
a form of Totemism ; but it reaches its greatest importance at a sub- 
sequent stage of religious development. Before qnitting Totemism^ it 
may be well to observe that even objects most inappropriate, according 
to onr ideas, have been deified by varions races. 

Thus, in Central India, the Todns are said to worship a buffalo bull, 
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pouring out libations of milk, and offering prayers to it. The Kotas 
worsliip two silver plates, whlcli they regard as husband and wife. They 
have uo other deity. The Kinumbas worship stones, trees, and ant-hills. 
The Toreas, another neighboring hill tribe, worship especially a gold 
nosering, which probably once belonged to one of their women. 

Many other inanimate objects have also been worshipped. Debrosses 
mentions an instance of a king of hearts being made into a deity. 

The South Sea Islanders, who represent a distinctly higher phase of 
civilization than the hill tribes of Hindostan, or the red Indians of 
North America, present us also with a higher form of religion. Their 
deities arc conceived as more powerful. In many islands there are tradi- 
tions of a powerful being whoraised the laud from below the waters, and in 
Tonga, until lately, it is said that the very hook was shown with which 
this was effected; still the deities cannot be regarded as creators, 
because both earth and water existed before then. Neither was the 
religion of the South Sea Islanders connected with morality. Their 
deities were not supposed to reward the good or to punish the evil. lu 
the Tonga and other islands the common people were not supposed to 
have souls at all. In Tahiti the natives believed in a future life, and 
even in the existence of separation between the spirits, some going to a 
mnch happier place than others. This, however, was not considered to 
depend on their conduct during life, but on their rant — the chiefs going 
to the happier, the remainder of the people to the less desirable locality. 

The Feejeeans believe that, as they die, such will be their condition 
after death. Moreover, the road to mbulu, or heaven, is long and diffi- 
cult; many sonls i)eri.sh by the way, and no diseased or infirm person 
could possibly succeed in overcoming all the dangers of the road. 
Hence, as soon as a man feels the approach of old age, he notifies to his 
children that it is time for him to die. A family consultation is then 
held, a day appointed, an<l the grave dug. Mr. Hunt gives a striking 
description of such a ceremony once witnessed by him. A young man 
came to him and invited him to attend his mother's funeral, which was 
just going to take itlace. Mr. Hunt accepted the invitation and joined 
the procession, but was surprised to see no corpse. He asked where the 
mother was, when the young man pointed ont his mother, who, in Mr. 
Hunt's words, was walking along "as gay and lively as any of those 
present." 'When they arrived at the grave, she took .an affectionate 
farewell of her children and friends, and then cheerfully submitted to be 
strangled. 

So general, indeed, was this custom in the Fe^ee Islands, that in 
many villages there were literally no old people, all having been put to 
death; and if we are shocked at the error which led to such dreadful 
results, we may at least see something to admire in the firm faith with 
which they acted up to their religions belief. 

It will be observed that, up to this stage, religion is entirely deficient 
in certain characteristics with which it is generally regarded as inti- 
mately associated. The deities are mortal; they are not creators; uo 
importance is attached to true prayers ; virtue is not rewarded, nor vice 
punished; there are no temples or priests; and, lastly, there are no 
idols. 

Up to this stage, indeed, we find the same ideas and behefs scattered 
throughout the whole world, among races in the same low stage of men- 
tal development 

From this point, however, differences of circumstance, differences of 
government, differences of character, materially influence the forms of 
religions belief. Natives of cold climates regarid the sun as beneficent. 
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those of tbe tropics consider bim as evil; hunting races worship the 
moon, agricultnrists the sun ; again, in free communities thought is free, 
and, consequently, progressive; despots, on the contrary, by a natnral 
instinct, eudoavor to strengthen themselves by the support of spiritual 
terrors, and hence favor a religion of sacrifices and of priests rather 
than one of prayer and meditation. 

Lastly, tbe character of the race impresses itself on the religion. 
Poetry especially exercises an immense intlaence, as, for instance, has 
been well shown by Mas Miiller and Cos to have been tbe case with tbe 
Greeks, tbe names of tbe Greek gods reappearing in the earlier Vedic 
poetry as mere words denoting natural objects, Tliiis, Dyaiis, in ancient 
Sanscrit, means simply tbe sky ; and tbe expression, tbe "sky thunders," 
meant originally no more than it does with us. The Greeks and 
Romans, however, personified Dyaus, or Zeus; thus, tbey came to 
regard him as a deity, the god of thunder, the lord of heaven, and thus 
built up a whole mythology out of what were at first mere poetical 
expressions. Time, however, does not permit me to enter ou this inter- 
esting part of tbe subject. I trust, however, that what I have said shows 
that the opinions of savages, as regards religion, dififer essentially from 
those prevalent among us. Their deities are scarcely more powerful 
than themselves ; they are evil, not good ; they are to be propitiated by 
sacrifices, not by prayer ; they are not creators; tbey are neither omnis- 
cient nor all-powerful ; they neither reward the good nor punish the 
evil; far from conferring immortality on man, they are not even, in all 
cases, immortal themselves. 

Wherethe material elements of civilization developed themselves with- 
out any corresponding increase of knowledge, as, for instance, in Mexico 
and Peru, a more correct idea of Divine power, without any correspond- 
ing enlightenment as to the Divine nature, led to a religion of terror, 
which finally became a terrible scourge of humanity. 

Gradually, however, an increased acquaintance with the laws of nature 
enlarged the mind of man. He first snpposed that the deity fiishioned 
the earth, raising it out of the water, and preparing it as a dwelling- 
place for man; and subsequently realized tlie idea that land and water 
were alike created by Divine power. After regarding spirits as alto- 
gether eril, he rose to a belief in good as well as in evil deities, and 
gradually subordinating the latter to the former, worshipped the good 
spirits alone as gods, the evil sinking to the level of demons. 

From believing only in ghosts, he came gradually to the recognition 
of the soul ; at length uniting this belief with that in a beneficent and 
just being, he connected morality with religion, a step the importance 
of which it is scarcely possible to over-estimate. 

Thus we see that as men rise in civilization their religion rises with 
them ; that far from being antagonistic to religion, without science, true 
religion is impossible. 

The Australians dimly imagine a being, spitefiil, malevolent, bnt weak, 
and dangerous only in the dark. 

The Negro's deity is more powerful, bnt not less hateful. Invisible, 
indeed, but subject to pain, mortal like himself, and liable to be made 
tbe slave of man by enchantment. 

The deities of the South Sea Islanders are some good, some evil ; but 
on the whole, more is to be feared from the latter than to be hoped &om 
the former. Tbey fashioned the land, but are not truly creators, for 
earth and water existed before them. They do not pnnisb the evil, nor 
reward the good. They watch over the affairs of men; but if, on the 
one hand, witchcraft has no power over them, neither, on the other, can 
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prayer iofluence tlicni ; they requh-e to share tlic crops or the booty of 
their worshipers. 

Thus, then, every increase iii science — that 18, in positive and ascer 
tuincd knowledge — brings with it an olevatioD of religion. 

Nor is this progress coufincd to the lower races. Even within the last 
ceutury, science has purified the religion of Western Europe hy rooting 
out the dark belief iu witcbcralt, which led to thousands of executions, 
and hung like a black pall over the Christianity of the Middle Ages. 

Yet, in spite of these immense services which science has confessedly 
rendered to the cause of religion, there are still many who look on it as 
hostile to religious truth, forgetting that science is but esact knowledge, 
and that he who regards it as incompatible with bits religion, practicaUy 
admits that his religion is untenable. 

Others, again, maintain that although science or religion cannot indeed 
be at variance, yet that the teaching of scientiflc men, or rather of some 
scientific men, is in open hostility with religion. 

What justification is there, however, for Uiis idea T No scientific man, 
so for as I know, has ever been supposed to have taught anything which 
he did not himself believe. That surely was theirright — nay, their dnty ; 
their dnty alike to themselves, to you, for tbeir devotion to truth is 
their best claim to your confidence — nay, to religion also, for nothing 
could be more fatal to religion than that it should be snpt>osed to require 
the suppression of truth. 

Ko, the true spirit of faith looks on the progress of science, uot with 
fear but with hope, knowing that science can influence our religious con- 
ceptions for good only. ^ 

Whether, then, as some suppose, science is destined profoundly to 
modify our present religious views, or not — into which question I do 
not DOW wish to enter — no one need on that account regard it with appre- 
hension or with distrust. 

Far ftom it, we must be prepared to accept any conclusions to nhich 
the evidence may lead ; not in the spirit of resignation or of despair, but 
in the snre and certain hope that every discovery of science, even if it 
may conflict with our present opinions, and with convictions we hold 
dear, will open out to us more and more the majestic grandeur of the 
universe iu which we live, and thus enable us to form nobler and there- 
fore truer conceptions of religious truth. 

The time, then, has surely now come, when scientific men need no 
longer stand on the defensive, bnt may call on the state, which is now 
making a great effort to establish a national system of education, and 
has ever shown itself ready to assist in the prosecution of scientific 
research — may call on the clergy, who escrcise so great an influence — 
no longer to ignore in our elementary and other schools the great dis- 
coveries of the last thousand years, but to assist us in making them 
more generally known to the people of this country ; confident that a 
better acquaintance with the laws which regulate the beautiful world 
in which we live would not only diminish the evils from which vre suf- 
fer, and add greatly to the general happiness, bnt also tend to develop 
our moral nature — to elevati and purify the whole character of man. 
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PRINCIPLES AND METHODS OF PALAEONTOLOGY. 



By Thomas Hen-r- 



[The following article was publiflied, iu 18C5, in " A Catalof^iio of tlie Collection of 
Foaailein tbe Museum of Pmctii'al Goolo)^,"&c. Although evidently nritt«n,at lewt 
in port, loDg before its pnblicatioD, it still Temoios one of the olenreet and most com- 
plete sninmariee of the subject ;et iiublisbed, and as the want of such a sumitiary has 
Wo frcqaentlf expressed, it is here reproduced. On account, hon-ever, of its IcuKth, 
certain iia^tsogca of simple local interest have been uniittcd.— II.] 

I, — Preliminary considerations. 

The formatioD of tlio collection of fossils in tbe Museum of I*fatftieal 
Geology has been a necessary result of tbe operations of the geological 
Bnrvey of Great Britain, whose officers have been engaged for many 
years poBt in determining the structure of tbe British islands ; that is, iu 
uscertainiug. what is the nature and the order of superposition of the 
various irregular masses or regular " strata,"" piled one upoi] another, 
which compose these like all other parts of tbe earth's crust. 

If rocks and stones were soft and easily cut, nothing would be easier 
than the solution of these questions. It would bo merely necessary to 
make a sufficiently deep vertical cutting of the country iu any required 
direction, and the true order of the beds would be at once visible ou 
the walls of the section. But it is needlcs-s to say that in practice cat- 
ting into rocks is a very difficult and a very v<ci>ensive operation, and 
that the making of snch artificial sections a^ these, for geological pur- 
poses, is wholly out of the question. The geological surveyor is, there- 
fore, obliged to trust verj' largely to tbe accidental occurrence of natural 
sections, such as are afforded by the sea cliffs or tbe scarped bills which 
may occur in bis line of work, and to such artificial ai<ls as are inciden- 
tally yielded by tbe sinking of shafts or tbe cutting of railroads. 

It becomes, consequently, of essential importance to him to possess a 
means of identifving the beds which he finds in one section with those 
in another. Similarity or dissimilarityofmineralngical composition will 
not always help him, as this quality not only varies in the same stratum, 
but is similar in widely different strata ; so that beds of limestone in one 
place may correspond as regards age and position with sandy or clayey 
strata elsewhere. On tbe other band, the continuity of a stratum be- 
tween any two points examined would be clear and decisive as to its 
identity at the twopoint.s, but this evidence, for tbe reasons Just stated, 
is but rarely attainable ; and where, a« so frequently happens, the strata 
have been disturbed from their original position, widely separated, 
or partially destroyed between the two points, it becomes hopeless to 
seek for any snch proof, ^Ve^e there no other test of the nature of a 
stratum at any given point than it^ mineral character, and its continuity 
with some other stratum whose place in the series was known, we might 

* Stratcm. — A sin);le layer of Che eorth'a cmst, wlmtever itN composition, is tocbni- 
caJly termed a stratum. For simplicity's sake, tbe often highly irrcf^lar masses of 
igneous rock which enter largely into tbe composition of the earth's criwt, and wluck 
might not tocbnically be termed "strata," may bo left ont of cousidcratioto.^-ijiQlp 
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liave a series of local topographies, I)ut no science of geology ; nor could 
those great laws ever have been established by which the geologist, 
acquainted with the surface rock of a country, is enabled to predict with 
umch conhdeDce what may, and what cannot, be found beneath it. 

These laws are in truth entirely based on the study of the "fossils" 
contained in the rocks ; it is u])on this science of fossils, or " palaeon- 
tology,"* that another aail most important method of determining the 
nature and order of the strata rests. Universal exjterieuce has shown 
that every series of strata contains assemblages of fossils which are 
peculiar to and characteristic of it; which are usually found in it, and 
never found out of it ; and observation has further demonstrated that 
the strata thus characterized are arranged in an order of superposition 
which is everywhere constaut. It follows, therefore, that the fossils con- 
tained in a stratum of rock are capable of revealing to us, at once, thf 
position of that stratum in the whole series, and of informing us what 
lies above and what below it. 

A common example will illustrate the practical ^■alne of the informa- 
tion thus obtained. 

It is shown by experience that in these islands extensive beds of good 
workable coal are never found below that particular series of strata 
termed, collectively, the " carboniferous formation." Nevertheless, fos- 
silized vegetable mattera occur in other strata, and have not unfre- 
qnently misled owners of estates into undertaking ruinously expensive 
and wholly fruitless mining operations, which would never have beou 
commenced bad they availed themselves of the information afforded by 
the fossilsof the surface rocks. For it is clear thatapreliminary exami- 
nation of these fossils will show at once whether they belong to strata 
l>elow the carboniferous rocks or above them. If the former be the case, 
then the sinking a shaft is absurd, as every blow of the pickaxe must 
take the miner, in reality, further away from the object of his search; 
if the latter, on the other band, success is at any rate possible, though 
the expediency of making the attempt will depend upon many coutin- 
gencies. 

Now it is clear that, if the fossils contained in the rocks -constituting 
the surface in every district of Great Britain had been examined, it would 
be iKtssible, by coloring a map of these islands in such a manner that all 
those parts whose fossils indicated their inferiority to the carboniferous 
formation should be blue, and all those which lay above it should be red, 
to indicate at once to the miner where his search for coal might possibly 
be successful, and where it must neces-sarily fail. And, furthermore, if 
the fossils on which the coloring was based were placed in a maseum 
for public inspection, it would be open t« every one to examine for him- 
self the evidence on which the map stood, and to satisfy himself of the 
accuracy of this part of the work of the surveyors. 

What is here supposed to be done with reference to this one set of 
beds — the carboniferous formation — has, in eftect, been performed by 
the hibors of the geological sur\'eyors of Great Britain for all the strab* 
which enter into the composition of the British Islands. The place 
where each constitutes tlie surface rock is marked by an appropriate 
color on the maps of the sur^'ey. The fossils which have served as the 
standards of comparison in determining the nature of the strata are 
open to general inspection in the Museum of Practical Geology. In one 
sense, therefore, the collection of fossils is simply the product of and 
key to the maps of the survey. 
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Importaut as it is, however, to tbe welfare aud prosperity of tbe 
eouutr^' tliat an accurate record sliould exist of the composition of its 
share of the earth's craat, whence the miner, the metallurgist, and the 
inineraloj^ist extract so m.iny pixMlucts of the utmost value to man, and, 
indeed, indispensable to tlie mainteuauee of hitj present complex state 
of civilization to suppose that this immediate and so-called " practical" 
object of the collection is the ouly, or even the most important, end 
ttutt it subserves, would be as great an error ns that of the barbarous 
Oriental, who sees nothing but a couvenient 8tx>nc quarry in those mas- 
sive pyramids, on whose walls tbe instructed Eastern traveler reads the 
bistorj' of an aucient world, and learns the more, tbe more knowledge 
and capacity he brings to the inquiry. Id truth, the historj', not merely 
of one but of a series of ancient worlds, is written upon the rocks which 
com|K>se the solid coating of the globe in signs tbe meaning of which is 
decipherable with far more ease and certainty than that of hieroglyphic 
or cuneiform inscriptions ; or we might say that, as it is the custom in 
these times to deposit the coins aud medals of the age under the founda- 
tion stones of a building, so the Great Artificer has, as he laid each 
course of stone in the world's foundations, deposited coins and medals of 
His striking, the remains of the then existing system of organic life, 
the bones and shells of the coutemporancous living beings. 

Itut a history in an unknown tongue can be profitable only to those 
who will take tbe trouble to acquire a knowledge of the construction of 
the language, and of tbe signification of its words and signs. Now, 
natural history, or the science of the structure and habits of living 
lieiugs, is the grammar and dictionary of the language of fossUs. To 
understand all that fossils teach, natural history must have been tbe 
study of a life ; but a clear comprehension and careful recollection of a 
few of its simpler principles will be sufficient to enable a person of in- 
telligence, unversed in science, to apprehend the wider bearings of the 
collection. To afford this assistauce is the sole object of the pres- 
ent explanatory preface. It is intended to awaken even a casual visitor 
to a sense of the profoundly interesting problems which the collection 
forces upon our consideration ^ to enable him to comprehend how it is 
that the naturalist reads here, as plainly as if it were stated in to-day's 
jtaper, aud with considerably more faith than he would place in any 
mere human affirmation, that the earth has undergone a great series of 
changes, stretching over enormous periods of time; that its living popu- 
lation has not always been what it is now, but that the present kinds of 
animals and plants have been, preceded by others widely differing from 
them, and these by others, and so on, for an indefinite series of altera- 
tions; that these changes have been accompanied by constant altera- 
tions in climate and in the level of the land and sea; finally, that the 
period of time of which these records furuish the history is inconceiva- 
bly immense. 

These are weighty articles of belief,'and nothing can seem, at first, to 
be less likely than that the aecumulation of oddly marked and shaped 
stones, which are ■visible on tbe shelves around, should contain abund- 
ant evidence of their validity and truth ; but so it is. How it is, will 
l>e rendered clear by what follows. 

II. — Brief exposition of those pkinciples of natural history 
WHICH are of the most importance to tub understandinu 

OF FOSSILS. 

It has been stated that natural history is tbe key to palaeontology, aud 
hence, before attempting to learn the meaning of fossils, it is necessary 
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to be acquaiuted with those principles of biological scieuce wliich bear 
most directly upon the subject: 

1. The most important of all the generalizations of natural historj, 
and, indeed, one of the most brilliant ailditions which the progress of 
modern science ba^ made to human knowledge, is the law that all ani- 
mals and plants are associated and arranged according to certain fixed 
laws. 

Thus, to select an example from the animal kingdom : There is aa 
immense variety of hoofed ruminating animals, antelopes, sheep, oxen, 
deer, giraffes, camels ; but notwithstanding the extreme ditference in 
the aspect of these well-known creatures, the anatomist discovers that 
they exhibit a great number of common characters. Thus — 

a. All posses a backbone, or vertebral column, separating the great 
centers of the ner%'oas system from those of the alimentary- and circa- 
latory apparatus, and the latter is situated on the ventral, front, or 
downward face of the bo<ly ; none have more than two pairs of limbs ; 
the chief central nervous system is not pierced by the alimentary canal. 

b. All have a heart with four cavities ; possess lungs and a midriff or 
diaphragm ; and have two facets on the biuder part of the skull, for ar- 
ticulation with the foremost bone of the spinal column. In all, each 
half of the lower jaw is in a single piece, and is articulated directly 
with the skull by a convex head ; they all possess mammary glands for 
anckling their young. 

c. The teeth are in all more or less deficient in the front part of the 
upper jaw ; they all possess complex stomachs, and not more than two 
completely developed long bones in the middle region of the fore and 
hind feet. 

It would be easy to make a drawing embodying all these peculiari- 
ties, and that drawing would stand in precisely the same relation to the 
group of "ruminants" {technically called " Buminantia") as the ground 
plan of a single house does to the street which the architect means to 
build of houses of that size and general form. The BnperstrnctuFe of 
each house may, if the architect pleases^ be totally different in style, 
without in any way interfering with liis general plan; and similarly, in 
each particular ruminant, the common plan is preserve<l, while the de- 
tails of the " elevation," the size, the figure, the proportions, the orna- 
mentation in the way of color and horns, vary to an immense extent. 

Having thus acquired a notion of the "common plan" of the mmi- 
nantia, it will be found, on turning to other equivalent groups or " orders" 
of the Mammalia, (or animals which suckle their young,) that a corre- 
sponding common plan may be found for each ; and when all these 
common plans are compared together, it witi be discovered that there are 
certain respects in which they agree. Alt mammalia, in fact, i)osses8 the 
anatomical characters enumerated under the preceding beads a and b. 
Hence, a drawing exhibiting these features would serve as a "common 
plan" of the mammalia, and the common plansof the orders Of mammals, 
ruminantia,* carnivora. Sen., might be regarded as modiUcations of the 
plan of all mammals in the same sense as each ruminant is a modifica- 
tion of the common plan of all ruminants. But now, if wo were to extend 
our researches further, and compai'e mammals with birds, reptiles, am- 
phibia, and fishes, we should discover a still more remarkable fact, viz : 
that all these creatures, and only these of all living tilings, possess the 
character enumerated under the first hea^l. Hence, a drawing or dia- 
gram embodying these characters would represent the common plan of 

* strictly speaking, the Rtonp iCumiNanfJa is o 
tgia, but it woB couvnniont here lo nee tbe ten 
■ab-oTder Arliodaclgla of tbe order i-ngulala.) 
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thene animals, which are collectively termed the Vertebrala ; and it would 
Htand in the Raoie relation to tbe common plans of birds, mammals, rep- 
tiles, ampbibia, and fishes, as tbe ruminant plan did to osen, sheep, and 
antelopes. 

By carrying investigations of this kind into the rest of tbe animal 
kingdom it has been shown that every animal whatsoever m a modificn- 
tion of one or otherof five great common plans — the plan of the Vertebrata, 
that of the Annuloaa, that of the Ceelenterata, and that of tbe Protozoa. 
This division of the animal kingdom is not generally adopted in this 
country; that most prevalent recognizes tbe branches Vertebrata, Ar- 
tkulata, Moluaea, Eadiata, and Protozoa. 

It is most important, however, not to form a wrong idea as to the real 
import of these "common plans," We umst regard them simply as de- 
vices by which we render more clear and intelligible to oar own minds 
the great tmtb that the parts of living bodies are associated together 
according to certain definite laws. Why it is that an animal which 
snckle« its yonug should invariably x>osses8 a double articular surface at 
the back of its skull, should have the articular surface of its lower jaw 
convex or flat and not concave, and should always be provided with 
hairs and never with feathers, we know as little as why the earth turns 
from west to east, and not from east to west; but if tbe morphological 
law which expresses this invariable coexistence, or correlation, of organic 
peculiarities has been as regularly verified by our experience as the as- 
tronomical law, we may, for all practical purposes, reckon as securely 
upon the constancy of one relation as upon that of the other. 

It is, indeed, remarkable to how great an extent we may depend upon 
these laws, and how seemingly unimportant, and in the present state of 
physiology inexplicable, many of the most constant correlations of ani- 
mal parts are. Thus the profoundest of "teleologists"* will, probably, 
hesitate to attempt to account, by any physiological reasoning, for the 
above-stated invariable oceurrenee of true hairs in those animals only 
which suckle their young and have two occipital condyles; but, never- 
theless, if a single hair bo placed before a naturalist he will be able, in 
many cases, not only at once to decide that the animal to which it belongs 
possesses a backbone, has four limbs, suckles its young, has a heart with 
fonr distinct cavities, possesses lungs; but he may lie able to go into minute 
details as to the structure of its brain, and the arrangement and nnmber of 
its teeth. How does he know these things 1 Simply l>ecans6 experienei! 
teaches him that the strnctureof the hair in question is found as a constitu- 
ent part of only one particular plan nf organization, and, therefore, may be 
depended upon as an indication nf all the other peculiarities of that plan. 
Just as when a particular characteristic fossil is found we may predi- 
cate what other fossils will Iw found in tlie same iK'd. witliont bavins; 
the least idea of the why and the wherefore of the nssixriation; so tho 
appan-ntly trivial and nniinportant hair indicates, we know not wliy. all 
the other structurul peculiarities which exi>erience shows to be associated 
with it. We shall find the appliciition of these truths by and by in con- 
sidering the nicthmls by which fossils ni'c determined. 

lmp;>rta:it consei|ui'nccs How fmin the fact that the forms of living 
bcin-rs an' modeled upon common plans, and from the kind of relation 
whiuh exists between any actual I'orm and its plan. Tluia the vertebriite 
plan, ;is has been seen, undergoes five modifications, ciwli of which con- 
stitutes tbe common plan of a large assemblage of animals — of mammals, 

le of Biial caiiseR. " Ti.leo1o;jist," one wlm -ccks for (lit fintil 
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of birds, of rcptileB, of amphibians, and of fishes: and if ^e select any 
of these subordinate plans we find it again modined so as to coastitate 
the plans of the minor subdivisions of these great assemblages. The 
reptilian plan is modified in one way to form the plan of the turtle tribe, 
in another to constitute that of the crocodiles, in another that of the 
lizards, of the snake.s, and so forth. And, in like mannec, the common 
plan or any great division of the animal kingdom is seen, in nature, to 
be modified into a series of more and more altered and specialized plans, 
each of which is common to the members of a progressively smaller sub- 
division of the group, until at length we arrive at the smallest assem- 
blage of beings which can bo said to possess a particular common plan ; 
or, in other words, which exhibits characters common to all its constitu- 
ents, and not possessed by those of any other group. 

It is by reason of these singular relations among the forms of living 
beings that what is termed a " natural classification " is [wssible. lu the 
ordinarj' business of life, wlienever it is necessary to recollect and have 
at command a multiplicity of objects, we "classify" those objects; we 
airange them in groups or packets distinguished by jtarticular marks 
and having a particular order. Thus it is that the merchant arntnges 
his wares, the librarian his books, the lawyer his papers; and the 
natumlist, in like manner, would find it utterly impossible to grapple 
with the details of the two or three hundred thousand distinct forms of 
living beings, which are the object of his study, unless he could in some 
way classify and arrange them. 

Now the aim of classification may varj-. ilauy persons imagine that 
natural history is the knowledge of the names which have been affised 
to animals and plants by men of science; and the wish of such persons 
is to have a classification so contrived as to enable them, with the least 
possible trouble, to ascertain what name hqs been affixed to an object, 
or, better still, to determine that no name has been given to it, when 
they have the satisfaction of baptizing it themselves. These " natural- 
ists^" necessarily, desire in a classification only a good index and diction- 
ary of the names of animals and plants, and it matters not by what marks 
they designate their groups so long as those marks are easily discovera- 
ble and readily remembered. Thus, plants might be divided according 
to the number of stamens in the flower, while animals might be classed 
accoixling to tUe number of tbeir teeth, the shape and number of their 
legs, &c. ; and arrangements of this kind, if skillfully made, might have 
no small value and use in helping us to discover what animals and plants 
are, and what are not known, but it is clear they would be purely arbi- 
trary ; there would be no necessary I'clation between the members of the 
various gionps beyond the single point in which they agree ; in other 
words, the classification would be "artificial" and not "natural." 

But the low conception of the objects of the science of natural history, 
from which such artificial classifications flowed, has given place to other 
and higher views, and with it all artificial systems have become exploded, 
or relegated to their proper place as mere aids to the memory. Th© nat- 
uralist of the jtrcsent day, in fact, stands to him of the past in the relation 
of a Niebuhr, a llallam, or a Guizot, to the gossiping compiler of achroni^e 
scatidaleuse, or, at best, to a Froissart or a Burnett. Without despising 
the importance of a knowledge of the names and habits of li^-ing beings, 
he sees beyond this, and overruling it', a higher and a nobler aim — the 
investigation of the laws of life, of the principles discoverable amid the 
multiform structures of living beings, and of the relations in which they 
stand to one another and to the surrounding universe. 

For such objects an artificial classification is useless, if npti^^i^ipQtive. 
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The lawH of llfo eaa only bo obtained t>y observation of tbe iiicts of life 
and generalization from those facts, nod the philosophical naturalist 
seeks that clasaiBcation wliich shall best enable him to remember facts 
iiiid generalizations already won, and shall most efficieutly assist him to 
obtain others. 

As Cnvier lias well expressed it, modern classification endeavors to 
throw the facts of ths structure of liviog beings into the fewest possible 
general proiH>sitions. Each living being, thercforo, has been compared 
with all others, and those from which it is not separated by any constant 
difference aro gronpe<l together as one "species." The different species 
have next betui comparc<1, and those which agree in some one or more 
characters, while they dllTer tVom all others in these characters, are 
arranged into a larger group, called a "genus." By a like procedure, 
genera have been grouped into "families;" these into "orders," orders 
into "classes," and classes into "subkingdoms," which last arc the pri- 
mary snbdivisious of the animal and vegetable "kingdoms" respectively. 

The resemblances and differences u[>on which the groups aro founded, 
being based on a comparison of the whole organization of li\ing beings, 
are ihorongh and fundamental, and, as it were, indicated by nature her- 
self. Hence this mode of classitl cation has been termed "natural," in 
contradistinction to those previously referred to, the divisions of which 
are founded on insniated and 8ui>erfleinl relations. 

But it is ob\ioua that if animals and plants were not constmct«d upon 
common plane, it would be impossible to throw them into groups 
expressive of their greater or less degree of resemblance, such as those 
of the natural classification. In fact> the doctrine of "common plan' 
and of **nataral classiAcation" are but two ways of expressing the great 
truth, that the more closely we examine into the inner nature of living 
bctings, the more clearly do wo discern that there is a sort of family 
reftctnblanco among them all, closer between some, more distant between 
withers, but still pervading ttie whole series. 

There is yet another way in which this doctrine has been expressed. 
In every gioup there is some average form, some form which occujues a 
eort of central place, around which the rest seem to arrange themsf Ivea; 
astl this form may therefore be taken as tbe representative of the group, 
ae tbe nearest actual embodiment of the common plan. Such a form is 
commonly called tbe ti/pe of the group ; and in this sense an antelo|ie 
might be termed the tyi>e of the RHminantia; a dog of the Caritioora, 
It is in tliis sense that the woni "tyiw" will be used tn these pages; but 
it is proiwr to remark that the term is not uncommonly applied to the 
most characteristic and marited form of a group. In this sense a oat 
rattier than a dog would, pcriiaps, be sptectetl as a typical carnivore. 

The phrase "family resemblance" has been nscil ahovr, and it, perhaps, 
expresses better than any other the sort of likeness which exists umong 
tbe members of a natnral group; specific nud generic alliance having tho 
same sort of relation as brotherhood and cousinhoo<l. But it is import- 
ant to remember that the cinasification of animals and plants stands on 
its own basis, and is entirely indeiiendcnt of physiological coimidem- 
tions. For the purposesof the classifier it is wholly immaterial whether, 
as acme maintain, "species" aro imnuitiblo and have taken their origin 
indepsndeiitly of one another, directly from the hand of tho Crcat;:r; 
or whtrtlier, as others think, they aro iiidclinitely modifiable, and have 
all rejsulteil from the clmuges induced by external influences upon somo 
coinmou stock. If all forms of living Mugs were ibssil, and wo knew 
nothing about life, the uutural classification of animals and plants v.-oiiId 
beexavtly whatitisuow} except aa it might booffected by tho resulting > 
24b 
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deflciencieB in oar knowledge. At the aame time, the inquiry into tb€ 
permanence or modiflability of species ia, iu itself, of tlie higlie«t import- 
ance nml interest; and it will be necessary to advert to tbe bearitiga of 
the little deflnite evidence we at pi'eseut possess uik>u the sabject in 
some of the following pages. 

(Here follows in the original, on pages xix — xxix, a revicTF of the 
sab kingdoms and classes of animals: but as there are several dispated 
jioints, and as tbe authorhimscif has since modilied his views, they are not 
reproduced.) 

The Protozoa, as a whole, are evidently simpler in strncture and less 
variously endowed than the Vcehlenterata ; tbe Gahlenterata than the 
Molluaca or Annulosa; and none of the last approach either birds or 
mammals iu complexity. 

Again, a lamprey is a simpler animal than a horse, a worm than a bee. 

These indubitable facts are commonly expressed by the phrase that 
the simpler animals are lower and less perfect than the bigber, and this 
indeed, in one sense, they truly are. But we should greatly err in sup- 
posing that less perfection implies imperfection; or in imagining that the 
less iterfect auimal is iu any way unfitted for the conditious under which 
it lives. Were it so, its race would necessarily sooner or later cease to 
exist. If we look closely into the matter, it will be found that by "less 
perfect" and " low in the scale of life," one of two things is meant, either 
firstly, that the creature of which the assertion is made is a less compli- 
cated apparatus; or secondly', that the parts of which it is com[)osed 
differ from one another comparatively little in form and structare. 

It is worth while to consider each of tliese causes more fully. Eveiy 
animal (indeed it might be said every living thing) has in the gross the 
same kind of work to do: it has to take in the food necessary for its 
support; it has to change this into other prodnctsand to mold them into 
its own peculiar form. Lastly, it has to exhibit that kind of reaction 
upon external impressions which is known as " irritability." Absorption, 
metamorphosis, and irritability, these are the three great " functions" 
of all animals. 

Now the difference between one animal and another, as to the mode 
in which the fnnctious are performed, is very similar to the difference 
which exists between one human society and anotlier, as to the mode iu 
which the nfl^irs of life are carried out. All human wants may bo 
summed up in twowonis: sustenance and freedom; but the mode in 
which men secnre the satisfaction of their wants varies with the perfec 
tion of their social state. In savage life every man procures hia own 
fo<Hl, and relies for his security from constraint upon the strength of bis 
own arm. But tliis state of things is manifestly incompatible with any 
great inlvance, either in those arts which minister to the physical, or iu 
those which satisfy the moral natiu^. If a man has to hnd his food 
every day he will not Bi>end much time in cooking it ; and if he is liable 
to be attacked by an enemy at all hours, he is pretty sure never to at- 
tain to much eminence as a painter or a violinist. By tbe necessity of 
tbe ciise, then, where every man has to do everything for himself, noth- 
ing will be done very well ; no man will be much better than another, 
and none will bo very far above the level of more animid existence. 

Contrast this suito of things with that which obtains among the 
active members of a highly civilized society, such as our own. Each 
devotes himself to one occupation, striving to carry out th.it in the best 
possible manner; and trusting to others who devote themselves to other 
8[>ccialities fur the satisfaction of all the rest of his wants. There is a 
" divisiou of labor f tbe wants of mankind are split up, aa it were, into 
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a hundred subdivisious, and every man cliargea bimself with the satis- 
faction of one of tliese snbdivisions, hoping that, in exchange, his own 
ninety-nine wants ■will bo satisfied by others. So that, in one sense, » 
hundred civilized men may be said to be the equivalent of but one sav- 
age; while, if, on the other hand, we regard the nature of the products 
of tivilization, and balance the sum of the work done oo each side, the 
advantage on the side of civilization is infinite. 

It is jirecisely this division of the physiological* labor, the organism, 
which constitutes the first of the two great kinds of diflerence lH*tween 
animals. Some Protozoa have no definite aperture for the taking in of 
fixKl, 110 muscles, and no limbs. Every partof the body-wall may serve 
in turn as mouth or locomotive organ. Id others there is a month, bat 
no definite alimentary canal, and the contractile locomotive apparatus 
is limited to one part of the bwly. In the Calenterata the month and 
digestive cavity are permanently appropriated to that oCQce, though not 
' separate &om the rest of the cavity of the body. The motor organs are 
still more definite and serve as organs of prehension and offense. In 
the ^tottusca the digestive cavity ia i>ermanent and completely separated 
from the walls of the body. A bloml system is developed to carry the 
nutritive matter to all parts of the bwly. Another portion of the organ- 
ism is converted into muscle, and can do little but contract ; another 
has nothing to do but to form shell ; another, the nervotts system and 
orgaus of sense, is charged with the sole duty of ]>nlting the different 
parts of the or^nism in relation with one another, and with the external 
world. Thus, in themollusk, each partof the organism is charged with 
a special function, and, to the same extent, has l)ecome dependent on 
others. The stomach that digests depends on the blood for its own 
nourishment. The muscle that enables the animal to seize its prey 
would perish without the aid of the stomach and the blood, and would 
be ineflectual without the nervous system which guides it. The mollnsk 
docs no more in the long run than the Amceba; it absorbs food, it modi- 
fies it, and it exhibits irritability, but the manner in which it does all 
these things is infinitely sniierior, aud enables it to display powers of 
which the Amceba exhibits no trace. 

It is needless to pursue the argument further, or it would be easy to 
show that the difference between man and the mollusk, as physiological 
machines, is of the same kind as that between the mollusk and the pro- 
tozoou ; in short, phyxiological perfection is in proportion to the division 
of the labor of tue whole organism among orgiuis specially adapted to 
particular offices. 

The other sense in which perfection is attributed to living beings is 
morphological. I The JIfoflusca, as a whole, are more perfect than the 
Ctetenterata, because they exhibit a greater number of specialized and 
diversifonn parts and organs, quite irrespective of the functions of 
those parts and organs ; aud the vertebraUt, in their fundamental char- 
acter, the [wssession of n true primordial internal skeleton, exhibit a 
gri'ater complexity of structure than any mollusk, or any anntdose 
animal. 

Jt of course usually happens that jtbysiological and morphological 
couii)!exity go hand in hand, but it should be remembered that the con- 
junction is not a necessary one. The lowest vertchrato animal, for in- 

" PlIVHIOI/KlY.— TllO s 

irpoiiiettivo of their Ibrii 

t MoitPiIoLOUY. — The Bcionce wblch treats of the forma of living bciugs withoat re- ^ 
card to tlieir functiooB. 
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otancp, is in notiiemorpliologiual respects more complex than the biglieat 
mollu^k, but pIi.vHiutogically it is less ao. 

rtiip (Ulier eouimoiily-iised phr.ise, expressive of the relation between 
difi'erent kiiida of living beings, requires ex|tlanation, as its employineDt 
ill an pri'oiieouA sense has leu to grave errors. There is a current im- 
pressiDii that th» lower animals correspond with the eiubr,yonic condi- 
tions of the higher; that, iu the course of their development, the lower 
nniiiiid advances ujrto a certaiu point and tbeu stops, while the higher 
goes on. 

This notion, however, is entirely incorrect; there is no known adnlt 
animal which would be regarded by any naturalist as ufthesamenpccies 
with any early conditioii of another animal, if tlio two were submitted 
to liim for comparison. In no stage of their existence would a compe- 
tent naturalist regiinl embryonic reptiles, or mammals, as fishes; in no 
stage would he ti)l;e an insect fur a worm, or a cuttletish for any lower 
luollusk. The whole of this idea, the truth of which has been assumed 
so often in geological speculations, rests upon a misunderstaudiug of an 
undoubted laut, namely, that there is it time in the development of each 
when ail members of a sub kingdom resemble one another very closely, 
and that they remain alike for u longer or shorter period accordioif to 
the closeness or remoteness of their af&nity. Ttius there is a time when 
the embryo of a lish could be hardly distinguished from that of a rep- 
tile, a bird, or a mammal. But the embr^'o hsli sooner becomes unlike 
a mammal than the embryo reittile or bird ; and the embryo quadra- 

Eedal mammal remains longer like a humau embryo than does that of a 
sli or rei>tile. 

Tims all animals in their youngest eondilion have, for a longer or 
shorter time, a similar tbrm, from which eiuih diverges to take its 8|>e- 
t;'iii\ eonfiguration ; if one may bo 8:iy, they travel along the same road for 
» shorter or longer distance, and then eivch goes aside to its own place. 
But this is a very different matter from any one form being an arrest 
of de\'elopment of another. Of two meq traveling together along the 
j;re<it North road, one may be going fo Kewcastle and the other to 
York. But it would be a very insuBiuieaband erroneous description of 
the Journey of the one to say that is wiu merely that of the other out 
short. 

3. The next great principle of natural history of which some definite 
notion must he obtained, is the doctrine of what is called the "distribu- 
tion^of living beings. It is a matter of I'amitiar cxperioncu that ele- 
phants, lions, and rhinoceroses are not at present indigenous in Qroat 
Britain ; and humming birds, erucodilea, and flying tish are as strau^ 
to us as lire the white Itcar, the ermine, and the inu^ ox. Nevertheless, 
the hitter auimnls ar& found abundantly iu moi-e northern latitudes, 
while the former swarm within tlio tropics. Were any one to visit the 
countries in wliich the white bear and the crocodile re8i>ectivcly abound, 
lie woulil discover that there was a certain northern limit beyond which 
the crociHlile was never seen ; and, on tlio other hand, that the white 
l)ear never raiit^ti* .iouth of a given }atitu<le. In other woi-ds, the white 
bear and tlic crii[»>dile are found within, or arc distributed over, certain 
limiteil Kpaccsof the earth's surface, and lines drawn on a globe so as to 
inclose these spaces, would indicate the "geographical disti-ibulion'* of 
these animals. 

There are hardly any 8|tccies of nuimals and plants which are not in 
like manner conlined wilhin limited geogm|>hical areas, and hence if we 
were to set out froai England, and travel either due south or due north. 
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■we should flud that a gradtial cbanf^e would tako place in the fauna* 
and flora of the coiintriea traversed, their inhabitants differing more and 
more widely from those of this country, the more nearly they approxima- 
ted either tlie pole or the eqnator. Nor is this result other than might 
he naturally esi>ected, for we know how closely dejwndent the health and 
strength of nnimals and plants are upon the amount of heat, hght, and 
moisture to which they are exposed ; and in traveling duo north or due 
south, these climatal conditions necessarily become very greatly altered. 
A corresponding change in the flora and fauna is observed when, in a 
monntainous country, we ascend from the plains to the line of peri)et- 
aal snow; and the animal and vegt^table inhabitiints of the sea in like 
manner vary in character and abundance a tdiQ'crent depths. But these 
cases also seem readily intelligible, for elevation has much the same 
effect ou climate as northing; and every fathom of increased depth in 
the sea corresponds with a certain diminution in the amount of light; 
and a certain alteration in tempcrntnre. 

Again there Keems to be no difficulty in understanding why, as we 
find to be the case, terrestrial animaLs and plants differ from those whose 
existence is B])cnt in the water; nor why, among purely aquatic crea- 
tures, the inliitbitants of fresh water are usually widely different from 
those of the sea. The discrepancy in form seems quite in barmouy with 
the discrepancy in external circurastaoces. 

But there are some other facts connected with distribntion, the cause 
of which is by no means so obvious. If the traveler, instead of moving 
to the north or to the south of this country, journeyed east or west, keep- 
ing as nearly as possible within similar climatal conditions, he woald, 
nevertheless, still find that the successive faunas and floras through 
which lie passed were widely different; and if a voyager were to cir- 
cumnavigate the gIol)e between the parallels of 4(P and 00° S.^ touch- 
ing at ixirts in the coutinents of Africa, Australia, and America, the 
diftferences between the indigenous animals of each country would be 
immense, and altogether out of proportion to the changes in climatal 
conditions. 

The globe, then, may bo marked out by boundary lines, some of wbicU 
rnn northerly and southerly, and others easterly and westerly, into a 
number of districts or " provinces," each of which is characterized by a 
peculiar assemblage of animals and plants. And again, each district 
might be subdivided by lines parallel with the horizon, into zones of 
depth and of height, in each of which a certain group of this assem- 
blage would flourish. It must be remembered, however, that neither 
zones nor provinces are capable of a strict limitation, there being always 
a border 'land between every two, in which the inhabitants of ^both are 
mixed. 

The phenomena of distribution in depth are particularly worthy of 
attention, from their bearing on geology; for it is obvious that if we 
are enable<l to lay down certain rules with regard to the depth at which 
particular forms live, we shall be able, when we find these forms in an 
ancient sea-bed, to form a judgment as to the depth of that sea-bed, and 
hence, in many cases, to g-ather valuable indications as to the proximity 
or distance of dry land. Every one who has walked along the sea shore 
is familiar with certain forms of life — barnacles, limpets, periwinkles, 

'The term "Fimna" iaapplied to the CTholeoftbe animal inhabitants, " Flora" to tht 
whole of tlie plaata, of a ilistrict or country. Tims, tho t'atina of Africa nicaas nil tha 
ftuimals founa in Africa; tbe flora of India, the flora of Kent, nieuns all tlio plant* 
fonoil In India and Kent reanectivBly. In sjienking tbuB it will l>e nnileretood that tba 
"fDiligenotiB"aDiit)alsandpUutB,or thoaewLichnaturoUy exist in a country, are alon« 
leferred to. 
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doffwhelks, shore crabs, which cover the rocks between high and low 
water marks. DnriDeealm wentherbemigbt imagiue that these coosti- 
tuted the chief inhabitants of the sea ; but should a heavy gale of wind 
Kct ill liintlwards, be is soon undeceived, for the waves, tearing up the 
sea liottom at depths greater than those which are ordinarily exposed 
by the recession of the tide, cast on shore vast uumbcra of new crea- 
tures, such ai whelks, sandstars, corallines, and great masses of sea- 
weed, with whole colonies of animals attached to them, which habituall; 
remain in the deeper regions, 

Noc satisfied with such accidental re('elations, modern investigators 
have systematized and extended the explorations of mariue depths by 
means of the use of the "dredge," a simple apparatus, long used by 
oyster fishermen to procure their merchandise, and, of course, equally 
applicable to the draggiug up of other iuhabitauts of the floor of the 
sea. 

It results from a loug series of such observations that at least five 
Eones, each characterized by peculiar forms of animal or vegetable life, 
may be distinguished at different depths. They are, Ist, the "littoral" 
zone, correspoudiug with the interval between high and low watermarks; 
2d, the "circnmlittoral" zone, extending iVom low water mark to the 
lowest limit at which the coral-like plant Nullipara is found, a depth, in 
our latitudes, of between fifteen aud twenty fathoms: 3d, th^ " median " 
zoue, characterized by the abundance of Polysoa and SertutaridcB which 
it exhibits, aud by the predominance of carnivorous forms among its 
Mollusca; it exteuds iu our seas to about fifty tkthoms; 4th, the " infra- 
median," and, 0th, the "abyssal" zones lie beyond this, but can be hardly 
said at preseut to be well defined. It is in them that our corals and 
Brachiopoda flourish, ^ucb attention has of late been paid to the 
investigation of the deep sea animals and i)lauts, and numerous species 
have l)ecn foimd at very great depths. As mi^ht have been expected, 
from the gi'eater uniformity of physical conditions at such depths, the 
same species have been found at very distant localities, and exhibit a 
wide geographical range iu latitude as well as longitude. Another 
peculiarity more marked even than could have been anticipated is the 
affinity aud even identity of many species with tertiary and cretaceous 
forms. 

The extreme limits of vegetable and of animal life arc not known. The 
higher Algte, such as sea weeds and Nullipara, are, iu our own latitudes, 
not found below tweuty fathoms; but it is not improbable that the 
Diatomacew flourish at the furthest limits of lite. 

Both the number of species and the number of individuals of animals 
diminish at greater depths. A greater profundity than two hundred 
fathomsis not to bo reacheil within a very considerable distance of any 
part of the British coasts; but iu both northern and southern seas living 
animals have been drawn up from more than three hundred tiithomn (or 
1,81)0 feet) below the surface. It is important to remark that the iuhab- 
itauts of these aud still greater depths, however diminished in number, 
do not appear to become degrudcd iu organization, but consist of Crus- 
ta4xa, Eckinodcrmata, Oasteropoda, LamellibrancklaUi, Poli/zoa, aud Acti- 
nozoa, of tj-pes quite as elevated aa those which are found in more shallow 
waters, but they are frequently less brilliantly colored than the latter. 
Wiiile the laws of distribution, as they have been at present determined, 
therefore, do not enable us to say precisely at what depth living animals 
can no longer exist, nor even to trace the influence of depth iu modify- 
ing their forms, they seem, nevertheless, to point to certain assemblages 
OS characteristic of certain ranges of depth. For instance, limpets aud 
periwinkles appear to be absolutely characteristic of shallow water, being 
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found but a verj' short way beyond tido marks. The lover limit of the 
plant Jfullipora, on the other band, seems to mark in all seas the tine of 
demarcation between moderate depths (under one hundred fathoms) and 
great depths. 

We must remember, however, in attempting to apply these generali- 
zations, that as yet distribution in depth has hardly been fairly worked 
oat, cvea in temperate latitudes, and that before we can safely erinnciato 
laws of general application, a vast number of observations must be made 
in both tropical and arctic climates. 

The fact of the apparently capricious limits which have been assigned 
to many animals has been alluded to above. That all auimals are 
adapted to the conditions in which they live is a truism, for if they were 
not so adapted tboy would not live, but die ; but the strange fact is that 
we do not always find animals in those conditions for whidi they are 
a<lapted. At the present day millions of horses run wild over the Pampas 
of South America, and these great plains are overspread with a peculiar 
. kind of thistle ; there can be no doubt, therefore, that the climatal and 
other conditions of this part of the American continent are eminently fa- 
vorable to both horses and thistles. Nevertheless, at the period of the 
discovery of the Americas, neither tbe horse nor the thistles existed in 
these regions. 

In like manner, eighty years ago, neither horse, nor ox, nor sheep 
grazed the wide pastures of Australia; now they flourish and run wild 
there. The same is tnie of Kew Zealand. The little fresh-water muscle, 
the DreUsena, now so common in our canals, having swarmed over 
the whole country, is a recent importation from Eastern Europe. Con- 
ditions most favorable for its existence have existetl for ages, and yet it 
only now reaches them artificially. However trite may be the assertion, 
therefore, that animals are fitted for tbeirconditious, the converse propo- 
sition, that conditions imply the existence of creatures fitted to flourish 
in them, is manifestly untrue. 

Again, the existing distribntion of animal life furnishes good grounds 
for exercising the greatest caution in reasoning &om the population of 
one area, however vast, to that of another. A naturalist might be per- 
fectly ac:|uainted with the indigenous animal inhabitants of all South 
America and Australia, and yet not know that there were such things in 
the world as the elephant, the rhinoceros, the hippopotamus, the giraffe, 
the lion, the tiger, the horse, the ox, the sheep, or the goat. He might 
be fully acquainted with the population of all the enormous art^a which 
contains Australia and the Pacific Islands, and yet not only be ignorant 
of the aniuials just mentioned, but might never even have heard of bears, 
cats, monkeys, ruminants, sloths, or ant esitcrs. Finally, the exclusively 
African naturalist might fairly conclude from his own experience that 
great quadrupeds abound everywhere, and that there arc no such things 
as kang.vroos or opossums. 

The commonest facts in distribution, therefore, teach us that it is 
never safe to apply conclusions based upon the iuvestigation of a limited 
are-i, however large, to the animal inhabitants of tbe rest of the world. 

There is yet another caution necessary in reasoning from the facts of 
distribution. It should be well borne in mind that the connection between 
a given form and the conditions in which that form flourishes is, in the 
great majority of cases, unknown to ns. The laws of distribution aru 
for the most part purely empirical; they are merely the expression of 
observed facts, of the reason of which we know nothing. If we observo 
species A always in a warm climate and species B always in a cold one, 
we may conclude if we find specimens of A and B that the climates in 
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wbich they flonriiihed were respectively Tcarm and cold. The fnrce of 
the eoncluBion will depend aiK>n the extent of onr previons obsen'ation 
with regard to A and B. In practice, and within certain limita, anch a 
conclusion is probably valid, bnt it i» a very different matter if the iir- 
^ment is pnt, as it more commoidy is, thus: S|iecies A anti B ni'e 
found respectively in bot and cold climates ; therefore species a, which 
is very like A, tbougb not the same, and species ft, which is very like 
B, thoagh distinct, indicate that tbe climates in which they flourishetl 
were respectively warm and cold, 

This argument, it is obvious, is only valid on the assumption that cei- 
tain amount of similarity of form implies similarity of necessary condi- 
tions; and the question immediately arises: How much similarity of 
form implies how much similarity of conditiont 

In the present state of science no definite answer can be given to this 
qaestion. It is not understood why some genera are well-nigh universal 
in their distribution, others limited in their area. No comparison of the 
osteology of the arctic fox and of the jackal, of the polar Itear and of the - 
black bear, of tbe mnsk ox and of the buffalo, wouhl enable the aua- 
tomist to tell which of these species inhabits an arctic, and wbich a 
warmer climate. And on the other hand, thouf];!) the existing species 
of hippopotamuses, rhinoceroses, and elephants are now exclusively in- 
habitants of warm climates, it is certain that very similar species 
formerly flourished in climates at least as cold as that of England, if not 
much colder. 

That these difBcultics beset the eaunciaCion of laws of distribntion of 
general application, indicates what is tolerably certain on other tn^nnds, 
that the existing arrangement of living beings on the surface of theglobe 
is a complex result, the product of the interaction of a number of distinct 
causes. It is pretty clear, indeed, from what wo know of life, that tbe 
presence or absence of any particular living being, on auy given spot of 
the earth's surface, most depend on these conditions: 

1st. The mode and place of origin of that kind of living being. 

Sid. Its powers of voluntary migration. 

3d. The extent to which it has undergone involuntary migration in 
consequence of changes in the distribution of sea and htntl, currents, &c 

4tb. The range of climatal and other cooditious under wbich alone it 
can exist. 

If we had these data for each species, its distribution would be a matter 
of calculation. But unfortunately they are not yet ascertained for any 
species whatsoever; nor is there, with regard to one or two, that agree- 
ment among men of science as to the probabilities of the case wbich 
woidd bo desirable. 

Thus, respecting the first condition, no one has ever witnessed tbe 
origin of a species, nor is there any scientific evidence as to the mode or 
place of origin of any living thing. 

As to the hypothetical views, all the possible alternatives have their 
advocates. There are those who suppose that all living beings were 
created at once, in one niH>t, whence they have subseqneutly migrated; 
but persons of sound intellect, acquainted with the facts, usually attach 
themselves to one of two other views. On the one hand, some conceive 
that all living beings were created as we find them, and where we find 
them ; or that, at any rate, they are the descendants of a stock created 
within A distance not greater than can be overcome by tbe voluntary or 
involuntary migration of the species. Those who eutertitin this view 
nsnally suppose that a species once created can only be modified to a 
very limited extent. 

DigiLizedbyGoOglc 
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On the otber hand, their opponents maintaia tbat there is no evidencf* 
tbat species were created as wo And them, but that there is reason to 
believe that all living things are the reeolt of the gradual modification 
of one or more primitive forms. 

Passion and the odium theoloffieum are too often allowetl to enter into 
the discussion of these views. The triumph of either, except so far as 
it is the triumph of tmth, is to the man of science, however, a matter 
of profound indifference: and in this spirit the arguments on both sides 
are thus shortly summed up: 

a. Those who maintain ihe first view urge that all evidence tends to 
show that, in the onlinary course of things, living beings can ouiy take 
their origin from pre-existing living beings; so that, even if the indefi- 
nite moditiability of species were admitted, it would yet be necessary to 
suppose a direct creative intertwsition in order to account for the first 
germ of all ; and if we admit one direct interjiosition, it is said, there is 
no difficulty in admitting twenty or twenty thousand. To this it is 
replied, that, although there may lie no greater difficulty in the one case 
than in the other, yet the assumption of creative acts, being in reality 
nothing more than a grandiloquent way of expressing our ignorance of 
the real connection of the phenomena, and our incomi>etence to conceive 
their origination, every reduction in the number of such assumptions is 
a clear gain to science. 

It is furthermore urged that the direct creation of a species is an 
ocGum^nce which not only has no scientific evidence in its favor, but is, 
in the nature of things, incapable of being supported by such evidence. 
B'or, 8UpiH>se that in a glass of water, perfectly tree from a trace of organic 
matter, a new species of fish were suddenly to make its appearance 
t>ef<:»% the eyes of half a dozen naturalists, not one of them would believe, 
or would be Justiiied in believing, that this was a direct creation ont of 
nothing. Philosophically it would be illogical, and religiously it would 
be mere superstition to believe that which is in direct contradiction to 
our universal experience of the modes of action of the Creator. 

b. It is affirmed that, in some cases, animals and plants of the same 
Bpecies inhabit such completely separated regions that their origin, 
except by independent creation, within their present area is inconceiv- 
able. One of the strongest cases of this kind is that afibrded by a 
marine crustacean, sometimes seen in our fish markets, the ITorway 
lobst^, (Nephrops norvegicua.) This anima) is found on the shores of 
N^orway and of the northern parts of the British islamis, btit not on our 
aoutbmi shores, nor on the Atlantic coast of France, Spain, or Portn- 
^i ; it reappears, however, at Kice in the Mediterranean, and abounds 
ID the Adriatic about Venice. 

There appears to be no doubt that the northern and the sonthem 
Gmns are specifically identical, and it is nattmilly asked, how could 
these isolated detachments of one species have migrated to such widely- 
separated points without leaving some colonies on the only road which 
is open to them^ viz., the western shores of Europe 1 And if their 
present distribution is not to be accounted for by migration, how is it 
explicable, except by supposing tJiat the stock of each detachment wn« 
created where we find itl 

Were the limits of the land and sea fixed and unchangeable, were 
there no such things as geological change, the problem might seem to 
be insoluble. But the instability of the land and the consequent inces- 
sant alteration of dry land and deep sea at the very same points of the 
earth's surface, are the first lessons of the student of geology, Tliis 
being the case, however, the argument at once loses its force.; for if by 
the submergence of Central Europe the Mediterranean and the North 
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Seas ever commnnicated, the Sephrops wotUd readily have spread from 
Norway to tlie Adriatit^ or vice versa; and when the central masa of 
Europe rose again, the area of its distribation woald be cat in two, aad 
the northern and Bouthern fragments only left. 

That this is the explanation of the apparent anomaly would bo proved 
if Nephrops norv^icus were found fossil in any of the strata constitating 
the present laud of Central £urope. So long as this is uot the case it 
can only be regarded as hypothesis more probable than that of special 
creation at two points, and hence excluding the uecessity of adopting 
the latter.* 

Many oases of distribution which have heen supposed to be similar 
to that of Nephrops, and adduce<l as such by the atlvocates of many 
centers of creation, have been shown to ho not really of the same nature, 
the widely separated forms uot being in reality of identical species. 

c. The great question, however, upon which the two schools of natu- 
ralists divide is : Are species permanent 1 In other words, is it possible 
that any conditions operatiug through any amount of time upon any 
number of generations of a species A, shall give rise to a distinct 8i>e- 
cies BI 

In this, as in all other instances where thinking men entertain flatly 
contradictory opinions, the difficulty of coming to a mutual understand- 
ing appears to arise in a great measure from the want of a clear appre- 
hension of one another's meaning. In the present case it js probable 
that no two i>er8ons attach precisely the some signification to the word 



Most naturalists admit, indeed, that species have a distinct physiolo- 
gical character, viz: that the intermixture of two species will not pro- 
duce a fertile race, even if it gives rise to any progeny at all ; hut, un- 
fortunately, this test is, from the nature of the case, practically inappli- 
cable, not only to the great majority of living animals and plants, but 
to all fossils. 

In practice, therefore, the naturalist is obliged to neglect the physio- - 
logical characters of a species, and to confine himself entirely to those 
which can be founded on form and, structure. In this sense a species 
is the smallest group to which distinctive and iuvariahle characters can 
be assigned. 

If, to use a seemingly paradoxical expression, all living heings were 
extinct — if they were represented by a limited number of fossils, and 
lay before us as things to be arranged and cloasiBed, the practical appli- 
cation of this definition of specie^ would have no difficulty. Sooner or 
later the whole organic world would be sorted out into the smallest 

Earcels which could he chiiracterized by a definition, and these would 
e " species." 

It is obvious that the task would be equally easy were all living 
beings absolutely immutable ; if every member of a species were exactly 
like its fellows, and if all progeny precisely resembled its parentage. 

If every dog, for example, were precisely like every other dog, and 
«very puppy exactly simiiar to its parents, there could be no difficulty 
about defining the species dog, nor could there bo any hesitation in 
deciding whetlier a given animal belonged to the species dog or the 
8i>ecies wolf. 

Unfortunately for scientific ease, no such immutable forms exist in 
nature. Like everything else in tlie worhl, a living being is a compro- 
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miae, a resattant of all tlio forces which act ui>on it; and tfaouf^h, like 
a planet, it tends with an iiutneuse force to move in a course of its own, 
yet, like that planet, it is affected and perturbed more or less by all sur- 
rounding conditions. 

Hence, inasmuch as no two living beings can ever possibly liave been 
subjected to precisely the same conditions, it is not wonderful that no 
two ever were, or ever will be, precisely alike; nor is it strange that 
species vary iu proportion to the variety of tho couditioiis to which they 
aro exposed. 

It is needless to do more tlian refer to fiicts which lie within every 
oneM experience. No person is unaware of the diSerence in the result 
produced when two seeds from the same plant, or two animals from the 
same brood, are exposed to widely different conditions iu respect of light, 
warmth, and nourishment. 

Iu all such cases, however, the modification is limited in amount, and 
no modification of conditions will so mask the characters of tho species 
as to preveut their recognition in either the stunted or the overgrown 
individual. For every individual, therefore, it can hardly be doubted 
that specific ehantcters are permanent and immutable. Do what you 
will with a sheepdog puppy, yon will not turn him iuto a wolf. 

It is obvious, therefore, that thus far the influence of conditions can 
be shown to have no appreciable effect iu permanently modilyiug spe- 
cies; for, if the o&pring of the modified iudi\idual were iu all re^i^eetti 
like its parent betbro the modification of the latter, it la clear it.A'„ the 
whole influence of the modifying conditions would only brhig Ic to the 
same point as the parent; that the modiflcatiou iu nuy nnrnVj" Oi geae- 
rations would go no further; and that when the influence A these con- 
ditions wns removed, the species would at once return to its primitive 
and typical form. Thus, suppose a pair of sheep-dog ,i'jpptes could be 
converted into greyhounds by a peculiar course of food and training; 
for anything which has been yet stated they would produce puppies 
which would only become greyhounds under a like course, and if left 
to themselves, would resume their pure and unchanged sheep-dog char- 
acter. 

Now, in nature this is not the case, by reason of the great fact of 
hereditary transmission. Every living being is, it has been said abovft, 
the resultant of all the forces which act upon it; the statement '.6 in- 
complete ntdess we add : and which kape acted opoD its parenti> 

The forces in question are divisible into two classes: the one moro 
powerful, intrinsic, impressed u^mn the germ, and causing that germ 
invariably to tt-nd toward the production of a given form; the other 
weaker, extrinsic, consisting of all those assisting, modifying, or even 
destructive influences which reside iu the surrounding universe, and 
which are called external conditions. 

For every individniU living thing, this distinctioa into intrinsic and 
extrinsic forces is absolute; but the law of hereditary transmission 
obliges us to admit that it may not bo so for a series of generations. 
For hereditary transmission means simply, that a modification under- 
gone by a parent more or less afff cts its offspring — the ofl'spriug tending 
to reproduce that modification. Thus in tho imaginary instiince given 
above, the offspring of the modified sheep-dog, even if placed in entii'ely 
indifleront conditions, would have a tendency to assume greyhound (char- 
acters. The intrinsic tbrco of that germ, its tendencies, would be thus 
far modified by the iuBuence exerted by external conditions on its parent. 
The operation of an extrinsic force on one generation may become in tho 
next an intrinsic force. 



380 



PBINCIPLES AND UETHODB OF PALAEONTOLOGT. 



Bat it is obvious that if once the infiaence of hereditaiy transniisBioD 
in modifying the tendencies of the germ (and no one denies it) be ad- 
mitted, it is very difBcnlt to say where the modification of a given species 
Bliall Btop. 

Here, therefore, is the battle gronnd of those who admit and those 
who deny the indefinite modifiability of species. On the one side are 
adduced the two indubitable facts, firstly, that certain unquestionable 
modifications of one and the same species, such as the dog, are, as 
Cuvier says, more difterent than any wild species of the same natural 
genus; secondly, thut the admission of indefinite modiflabihty reduces 
the production of species to the ordinary course of nature, and accounts 
equally well for all the phenomena with any other hyi>othesis. 

On the other side nro the equally unquestionable truths that specific 
characters are retained under even extreme modifying influences with 
great tenacity, and that artificially produced modifications tend, if left 
to themselves, to return, more or less nearly, to their primitive si>eci6c 
character. It may be doubted, however^ if these propositions are really 
inconsistent with the doctrine of indefinite modifiability. 

At pr&>jent the evidence before the naturalist can hardly justify bim 
in declaring his absolute adhesion to either view, but according as he 
inclines one way or the other, so will it lie probable that bis views as to 
the limits of species will vary. Ho who leans to the hypothesis of indefi- 
nite modifiability will tend to neglect, and he who iu'Jines to that of 
the fixity of species will tend to exaggerate, minute differences. As the 
case now stands, those who wish to adhere to the golden mean must pat 
their trust in common sense, a perception of the needs of science, and 
that sort of tact which can l>e gained only by incessant practical work- 
ing at species.* 

4. So mnch for those laws of natural history which help as to under- 
stand what the various forms of livini? beings are, and how they vary. 
The next most important question is, do animals and plants, as they die, 
. perish and leave no trace behind, or what liecomes of them I 

The answer to this question must be different according to the par- 
ticular kind of animal or plant to which reference is made. The fungus, 
which springs ap in a night, dies, decays, and is swept away as rapidly ; 
nod the soft marine jelly-fish or worm may leave no more perma^ient 
traces of ita existence. Carnivorous and herbivorous animals, again, 
destroy and efface all rccogniz:ib1e signs of the existence of multitudes 
even of those living beings which are, physically and chemically, better 
qualified to endure. Again, though it be a tact that the great m^ority 
of both animals and plants are provided with parts suflflcieutly liajxl aod 
indestructible to resist the ordinary causes of decay for a very consider- 
able time, nevertheless exposure to damp and chan^ of temperature in 
the case of the remains of land animals, and the incesswt wear and tear 
of watery action among aquatic creatures, would sooner or later destroy, 
or so deface as to render unrecoguizable, the trunks of the hardest 
wooded trees and the most solid bones and shells ; an<l this would take 
placeinaspaceof time which, however long to as, is a very brief period, 
geologically speaking, were it not for the very simple but efficient 
preservative agencies which are brought into play by the very same 
causes. 

The bard parts of terrestrial animals and the remains of Ituid plants 
are, indeed, to a great extent destroyed by their ezposure to the coodi- 

*It shontd be noted that tbeM p' 
Domia'B book on tli^ " OrigiD of 8< 
bioloicical Bi)eculatioQ. 
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tioDS enumerated above; bat it occasionally happens that accidental 
^ooJs sweep them sway into low f;rouiid^ hollows, or caves, where they 
rest and become covered up with the Uno mud deposited as tho watera 
mibside ; or living animals may he swallowed up in pcat-mosaes and in 
Hwainps; or their remains in»y be exposed to the uetion of springs 
hi^tdy charged with calcareous matter, and thus become coated with 
carbonate ot lime ; or the wind may envelop tlicm iu drift sand ; and in 
all these instances they wdl bo mure or less efl'ectually protected from 
I'urtlier change. 

The imbedding and preservation of tho exnvia of those marine ani- 
mals and plauts which are not destroyed by the carnivorous and herb- 
ivorous ra«es, on the other hand, is hardly u matter of chance, but mnst 
always inevitably take place. The sea is incessantly wearing away the 
shores against which it beats, and tho shallow grounds over which its 
currents and tides race, undermining and cutting them away, and grind- 
ing the fnigments down by their mutual friction into boulders, shingles, 
pebbles, sand, and mud. It then carries away tho fiuer materials, and 
spreads them over the deeper aud quieter portions of its bed, where 
they are arranged in successive layers, which giiuUially rise into banks 
of mud and sand. Brooks and streams, constantly bringing down sim- 
ilar materials fVom the higher grounds iidand, add to these dejiosits, or 
form similar ones peculiar to themselves, thus giving rise to tho "deltas" 
and the "bars" found at the mouths of most rivers. In all the 
quieter and not too deep parts of the sea bed, therefore, it is as if a con- 
stant though very slow rain of fine earthly particles were going on, and 
consequently every dead shell, every undeatroyed bone, which is left on 
the bottom, is sooner or later covered up and protected from further 
destruction. Just as the showers of fine ashes which fell from Vesuvius 
seventeen centuries ago so covered up and protected the remains of 
Herculaneum and Pompeii, that even now tho smallest relics of Roman 
daily life are preser^-ed for our inspection, so may the muddy deposit 
now t^ing place over a largo extent of the present sea bottom preserve, 
for the inspection of future generations, the remains of tho creatures at 
present living and dying thei'O. 

Fur the sake of clearness it has been provisionally oasumed that^ in 
all those instances, the organic bodies have been preserved by being 
enveloped in masses of inorganic matter ; that the mud which forms the 
bottom of se^as and rivers is, in all cases, pulverized rock brought from 
other localities. It is very rare, however, to find mud purely of this 
chariicter, and there are some remarkable accumulations at present 
taking place, of which every partic'e is derived from organisms which 
have once lived, the apparent mud, in which the largo organisms are 
imbedded, hehig nothing but a mass of shells of miuuter forms inter- 
mingled with fragments of larger ones. 

5. Most important consequeoces flow from a recognition of the fact 
that the modes of preservation of the remains of animals and plants 
last described far outweigh every other in importance and extent. This 
may he made more clear by again using the instance of Pomjmi and 
Herculaneum as an illustration. Sit))|>iise that long alter these cities 
were buried others had been built over tlicm by some of Ihe many bar- 
barian invaders at' Italy, daring tho <lecIino of tho cm))ire, and that 
after a while Vesuvius had entombed these under another shower of 
nshes ; and that these had, alter a low hundred yearn of existence, un- 
dergone a like fate, so that the whole of this part of Italy was buried 
unticr volcanic accumulations, on tho surface ot which flourished tho 
villages and vineyards of a race ignorant of the existence of a previous 
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eonditiun of things. And now suppose a well to be snnk, or an excava- 
tion made for some purpose or other, down to the original foundation 
of Pompeii; the digger would pass through three layers of volcanic 
iicL'umnlations, Reparatiug the foundations of as many cities, differing 
in the stylo of their architecture, in their sculpture, their paintings, and 
their ntensils, and clearly showing that they belonged to three separate 
nations. It would be quite clear, again, to the excavator, that the high- 
est city must be the latest and last built, the lowest the earliest ; and he 
could arrive at no other conclusion than that three several races bad 
Hourishcd and {icrished, one after another, on this very spot in ancient 
times. For bow great a space of time each race had remained, and 
what was the absolute antiquity of any one, or of the whole, he wonid 
be unable to say; but their relative antiquity — the chronology of the 
series, would be plainly indicated by the order of their superposition. 

Exactly the same reasoning is applicable to the beds of mnd and 
sand which are now accumalatiog and gradually hardening into rock at 
the bottom of our present seas. Those layers which are at present being 
deposited, necessarily lie above those which were formed in the same 
locaUty a year ago; and these, above those of the preceding year; 
while, on the other hand, they will be covered up by deposits of fntnre 
years. Therefore, it follows, that if ever the present sea beds are up- 
heaved, so that their composition may be examined, the future observer 
will find the beds containing the remains of marine animals and plants 
enperimposed npon one another, in precisely the same onler as they are 
now being formed, the oldest at the bottom, the youngest at the top; he 
will be furnished by their order of superposition with an accurate rela- 
tive chronology of the changes which are now taking place ; but without 
the introduction of other considemtions, he will, of course, bo nnable 
to assign the absolute period at which any bed was deposited, or the 
time occupied in the formation of the whole. 

The antiquarian called upon to estimate the probable absoluto age of 
the oldest of the cities in the imaginary case stated above, would be 
guided by what ho knew of the time required to build cities ; by his- 
torical evidence as to the conditions under which nations replace and 
extirpate one another; and by physical considerations based upon a 
knowledge of the mode and rate of the formation of volcanic accumula- 
tions of a given thickness ; but even then, bo would, probably, prefer to 
state the minimum rather than the maximum antiquity. And ao the 
future naturalist, should he have no other light than the strata now 
forming themselves afford, can only be guided, in his estimate of their 
antiquity and of the period occupied in their formation, by his knowl- 
edge of the average duration of animal life, and of the rate at which 
sediment of a given thickness can bo de])osited. Ho may as well as- 
sume the remaias before his eyes to bo accidental " sports of nature" 
at once, as spcctdate upon any other foundation. 

Just as our only means of comprehending the civil history of the 
past is to apply to ancient times those principles which a careful study 
of the actions and motives of our contemporaries leads us to believe are 
of universal application to mankind, so, in endeavoring to interpret 
the monuments of the ancient world of geology, we must be guided by 
what we know of the present creation ; and thus having learned what 
living creatures now exist, how they are constructed, and how their re- 
mains are becoming imbedded in the rocks now forming, we arc ready 
to enter upon the inquiry as to what forms of life animate<l the ancient 
worlds, how they were constructed, and how their remains have been 
handed down from those remote ages. 
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6. There are yet one or two collateral pointa wliieh require (liscnftsion. 
BapposiDg that the present bed of the ocean were npheaved and be- 
came exposed to view, so that we could examine the organic contents of 
all the strata of mud and sand which hare accamnlated and hardened 
into stone for the last fonr or five thousand years, ought we to expect to 
find, at any one spot, a complete and unbroken series of the remains of 
all the creatures that have ever liveil there t Assuredly not. In the 
tlrst {ilace, it has already been explained that there are many animals 
entirely devoid of parts snfBciently hard to he preservable, and of them 
every trace would have disappeared. It is important to remark that a 
naturalist who should have become acquainted with the present animal 
creation only in this way, would be ignorant of the existence of many 
genera and fiimilies, of some orders, and even of one or two entire 
classes; but no siih-kingdom would be without abundant representa- 
tives, and, therefore, he would be perfectly acquainted with all the great 
types of organization at present existing. There would necessarily be 
defects in bis knowledge, but these defects would by no means interfere 
with his obtaining a very clear and just, though not complete, idea of 
the present state of things. 

But there are other and more formidable sources of imperfection in 
onr palueontological knowledge. Not only does the very nature of some 
animals present an insui>erable bar to the preservation of a complete 
record of organic life in the rocks contemporaneously formed, but it is, 
to say the least, excessively improbable that a complete series of even 
those organic bodies which are preservable should be found at any on» 
spot. For modem research teaches that the level of the land is con- 
stantly changing ; slowly but surely, some countries are rising, while 
others are Iwcoming depressed ; and there is good evidence that, in some 
parts of the world, several alternative movements of elevation and de- 
pression have taken place within a comparatively modem period. Now, 
whenever the bottom of the sea becomes dry land, or the dry land sinks 
to the bottom of the sea, there must obviously he an interruption in the 
series of living inhabitants, agnatic forms replacing terrestrial, or vico 
versa. Thus, should the sea Iwttom be raised into drj- land, and then 
depressed again so as to be covered with fresh deposits, the whole mass, 
when subsequently elevated and exposed to view, will exhibit a break 
in the series of marine organic remains, corresponding in magnitude 
and importance with the interval during which the sea he<l remained in 
the condition of dry land. It is probable that there is not a single spot 
on the earth's surface which has not been thus subjected to many altera- 
tions of elevation and depression, and, hence, we may safely infer that 
no single series of superimposed strata can contain a complete series of 
even those forms of past lite which have flourished in that one region. 

But, if tliis he true of those marine animals whose chances of preser- 
vation are greatest, whose hard parts contain so little animal matter na 
to be not worth attach on the part of predacious organisms, which are 
aufflciently dense to resist the destnictive agencies to which they must 
almost necessarily be exiwsed before they are protected by sediment, 
and whose locomotive powers are insufficient to enable them to escape 
by migration the imminent fate threatene<l by changes of level, how 
much more fortuitous must be the preservation of those remains which, 
like the bones of the marine VertArata, contain much animal matter, 
and ore comparatively soft, or which belong to entirely terrestrial crea- 
tures. And, in fact, it is among the rarest of occurrences to find the 
bones of a dead wild quadruped, or bird j or to dredge up from the sea 
bottom a relic of a fiah or of a porpoise, abundant as these animola arc 
3d out seas. 
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We turn to the examiDation of the collection of fossil remains, then, 
liearing this truth clearly in our minds, that at beet it contains only an 
ini))erfect record of the jiast ; that it is a history, some of whose leaves 
are certainly toni out — we know not how many or how few — though, 
judging by the present condition of things, we surmise that their teaiob- 
ings would not contradict any duly limited deduction Irom the informa- 
tion wo derive from other sources. 

III. — Application of natubal histoet to thb elucidation of 

FOSSILS, on "PALAEONTOLOGY." 

1. An important question meets us on the threshold, as it met those 
who first directed their attention to fossils: How do we know that these 
curiously-formed bodies, often to all appearance of one substance with 
the rock in which tliey are imbedded, really are the remains of creatures 
whi(;h have livedl Howdoweknowthattheyarenotwhattheaucienta 
8u])p08ed them to be, lasm itaiurte, sports and freaks of inorganic nature, 
prodaced in bhnd imitation of living bodies, just as the hoarfrost ou the 
window panes simulates the foliage of a tree ! 

We know that fossils are the remains of animals and plants hy pre- 
cisely the same common-sense reaaoiiing as that which led BobinsoD 
Crusoe, seeing the impression of a human foot on the sand, to conclude 
that a nmn had been there. The foot mark might by possibility have 
been an accident, a Ituus naturae, but pending tlie proof that it was so 
the precautious of the shipwrecked mariner exhibited the soundness of 
his Judgment. We cannot expehmeutally prove that fossils are truly the 
remains of dead animals and plants any more than we can ex]>enmeu tally 
demonstrate that the utensils recently brought home from the arctic re- 
gionsn-allybelonged to thecrew of the "Erebus" and "Terror;" but all the 
lacts, the condition in which the things were found, the marks npon them, 
agree with this hypothesia, and none oppose it. On like grounds, onr be- 
lief that fossils are the remains of beings which once Uveii has acquired 
lirm hold and remains unshaken; the conditions under which they are 
found, and all their marks, agree with the hypothesis; while increasing 
knowledge, so far from shaking, is incessantly, and in very wonderfiu 
ways, streugthening the foundations of this as of every truth. 

2. The extent to which it enables us to reason to the unknown is com- 
monly, and in a great measure Justly, regarded oa one of the best t«8t8 of 
the truth or falsehood of a scientiflo thoory, and none has ever more bril- 
liantly stood the application of this test than that now referred to. For 
if fossils really are the remains of living beings wo may reasonably ex- 
pect, in the absence of evidence to the contrary, that the auimals and 
plants of which they are the exuvia came under the operation of the fame 
great law of the invariable correlation of organic peculiarities, which has 
been shown above to be manifested in the present creation, and it might 
bo tairly anticipated that the same logical process which cuablea us to 
reason from the structure of the hair of a recent animal to its whole frame, 
or from the jteculiarities of the wood of an existing plant to its fruit, and 
the minor particulars of its embryology would be equally available when 
ai)plied to the extinct inhabitants of the world. 

Til;! magnificent researches of Cuvier first practically demonstrated 
the Justice of these surmises, and showed that the laws of correlation of 
parts deduced from the observation of liviug animals hold good to a won- 
derful extent among the extinct forms: so that to one as thoroughly 
■acquainted as he was with the details of animal organization, an isolated 
fi-uguumt uf a fossil boue, or an odd tooth, was, freqaeotly, suffloiunt to 
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indicate the general afltnities of the animal to whieli it belongeiJ : and to 
justify liim iu making those wonderful predictions of what would bo the 
nature of its other parts, which were so often to be verified iu the course 
of future investigations. 

One of the most remarkable examples of such successful prediction is 
that which Cuvier himself mentions as "a very singular monument of 
the force of zoological laws, and of the use which may be made of them." 
From the famous g>'psum quarries which furnished so many occasions 
for the display of his genius and knowledge a block was bronglit con- 
taining the imperfect remains of the skelcten of a small animal; the 
shape of the lower jaw and the characters of the teeth were such lis are 
alone known to exist iu the order of marsupial animals, of which the 
opossum and the kangaroo are the most familiar examples. But all 
known Marsupialia possess two remarkable appendages to the " pelvis" 
or bony girdle of the hips, which are termed the " marsupial bones," be- 
cause they are connected with the pouch in the female. Here was a law 
of invariable correlation of anatomical peculiarities (certaiu teeth and 
certain forms of jaw being always associated with the presence of these 
bones) of universal application to living animals; would the law hold 
good for the fossil I Cuvier was so confident that it would, that he in- 
vited some friends to witness the picking away of the stone from the 
region whore he believed the marsupial bones would be tbuui), and the 
result verified his expectation, for the bones werediscovered Justin that * 
very situation. 

3. It will be easily understood, however, that the whole of this train 
' of reasoning is only valid on the assumption that a certaiu uniformity 
has prevailed in organic nature; that the structures which we fiud iu- 
variably associated ,now were invariably associated in earlier times; that, 
in short, the great laws which are expressed by our conceptions of com- 
mon plans have always remained the same. We know of no reason, save 
the invariable occurrence of the co-existence, why a peculiar form of jaw 
should always be accompanied by the existence of marsupial bones ; and 
just as certain animals now exist in which the marsupial Iwiies are- 
present, while the peculiar structure of jaw is absent, 8o.it is quite within 
the limits of possibility that, at an earlier period of the earth's history, 
animals might have existed possessing the peculiar jaw, but deprived of 
the marsupial bones. Of course, in this ca.se Cuvier's reasoning would' 
not have been conclusive, and his prophecy might not have l)eeu verified. 
In point of fact it would not be satb iu all cases to regard tlie laws of 
invariable anatomical correlation, deduced ft\)in the obserjation of the 
existing animal world, as applicable, without reservation, to the members 
of extinct faunas. Ko generalization from the structure of existing ani- 
mals could be better established than that biconcave vertebra; are tound, 
throughout the s])iDal column, only in fishes and iierenuibranchiate 
amphibia, or hollow bones of a certain form are characteristic of birds, 
and yet we should be led into most erroneous conclusions by reasoning 
without hesitation from these data, to the structure and affinities of tho' 
animals to which certain vertebrae and certain bird-like bones foimd in 
the mesozoic strata belong. In fact, while experieuce shows, with a con- 
stantly increasing weight of proof, that the great laws of the construction 
of animals have been identical throughout all recorded time, and while, 
therefore, when we jwssess any clear indication that a fossil animal' 
belongs to any one of the great groups, we may safely predict that it 
will exhibit all the otbet dtarficterUtic pecuharities of that group; we' 
must be carefiil to remember that in many of the smaller groups combi- 
nations of organic peculiarities luive existed of a very different uatare 
25 b 
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from those which noir ohtaia : and we must, therefore, he content to 
regard many of the established generalizations as only approximatively 
correct. 

As a general rule, however, it is very trae that the more we leam of 
the world of fossils, the more clearly does the conviction force itself 
niwn oiir minds, that from the earliest times of which we possess a rec- 
ord to the present, no chauge has taken place in the general scheme of 
the organic world. There are perhaps 15,000 established species of 
extinct animals, bat among them there is not one whose plan of con- 
struction diffitrs so far from any now known, as to require the estab- 
lishment of even a new class for its reception. Different naturalists will 
estimate the number of classes of animals now living variously ; bnt 
they m.iy be safely assumed to be at least five-and-tweuty distinct mod- 
ifications of the five great primitive common plans ; aud yet so com- 
paratively slight has been the change since the earliest times, that the 
whole estinct world will not supply us with a six-and-twentieth modifi- 
cation. If we descend to the next smaller divisions, to the orders, the 
same fact becomes apparent; at the very lowest estimate there are 
not fewer than between a hundred and thirty and a hundred aud forty 
orders of animals, and out of these, at the most, not more than fourteen 
or fifteen are represented only by estiuct forms; that is t« say, in the 
whole range of geological series uot more than ten or twelve per cent, 
of ordinal types, different fhim those which now exist, having come into 
being." 

4. The history told by the records of the organic world is in perfect 
harmony with that which is written on the face of inorganic nature. 
The thickness of the crust of the earth, down to the greatest depths to 
which man has been enabled to penetrate, is to a great extent composed 
of stratii of rock, the physical and chemical peculiarities of which 
■evince their identity with the products of the present oi>erations of 
nature. Beds of conglomerate containing round pebbles demonstrate 
that the sea beat against and broke up its rocky boundaries then as 
now, rounding and polishing the fragments by incessant friction as it 
wears them on any modem shingle beach ; fiue-grained limestones aud 
sandstones show that, then as now, the finer ptioducts of their attrition 
were carried away and deposited, in tlie form of beds of mud, ujwn the 
deeper and quieter parts of the sea bottom. Vast and frequent iuter- 
mptions in the regular series of bed prove that, in ancient times as at 
present, the solid crust oscillated, so that what was dry land became 
covered by the sea, and what was sea bottom remained for long ages 
dry laud. And, finally, in like manner as .we know that, within the 
period of which man is cognizant, all those changes have gone on in an 

■ excessively slow and gradual manner, rapid and convulsive action being 
altogether exceptional, so we have the clearest proof that the time repre- 
sented by the vast succession of ancient strata is enormous and almost 
iDCOUceivable, and that gradual and regular change was, then as now, 
the rule, catastrophe and convulsion the exception. Nevertheless, as 
in the ancient organic world we have foimd that there is a certain amount 

■ of departure from what might be called the by-laws of the present cre- 
ation, so it is quite possible that, in the physical world of past times, 
changes may have now and then taken place with a rapidity and a 
violence to which the minute experience of man affonls do iiarattel. An 
Ichthyosaurus is, in one sense, a sort of animal catastrophe, and as we 
are aU well assured of the occurrence of this one wide deviation tjrom 
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existing manifeatations of the vital forces, so we moat uot be too sura 
that corresponding departures from the usaal order of the physical 
vorld have not occarred in past times. 

The same analogies which demand this caution, however, fully justify 
ns in concluding that throughout all geological time the great physical 
forces have obeyed similar laws. The gravitation of matter, its hard- 
ness, the effects of heat and of chemical affinity apoa it, have been the 
same, ve have every reason to believe, from the Cambrian age to the 
present, and, as a consequence, it cannot be doubted that the vital 
actions of the trilobites were governed by the same physiological laws 
as those by which we now Ifve and move and have our being. For, 
leaving the phenomena of consciousness out of the question, physiology 
is but an application of physics and chemistry. 

6. Now, just as the restorations of the palaeontologist imply his Confi- 
dence iu the uniformity of the great laws of morphology throughout all 
time, 80 the chronology of geology, the basis of the whole science, rests 
upon a like assumption with regard to the general uniformity of the 
laws of physics and chemistry. It would be ridiculous to argue from 
the superposition of ancient beds, unless we assumed that their cou- 
stitnent particles gravitated in the same way then as now ; the identity 
of miueml character of two beds could prove nothing, without the as- 
sumption that the laws governing chemical changes havo always been 
the same ; and, in like manner, we can reason on the general habits of 
ancient living beings only on the assumption that the great laws of. 
physiology were the same then as now. No half measures will avail ; 
we must be prepared either to assume the general uniformity of ancient 
and modem action, or we must give op the problem, for no other hy- 
pothesis affords the least criterion of truth, or the slightest check upon 
the play of the imagination. But if we may argue trom like effects to 
like causes, then geological chronology is as much a matter of science, 
and capable of bmng tested as thoroughly, as any other case of succes- 
sion. 

The arguments on which these chronological considerations are 
founded are simple and intelligible enough. It has been already proved 
that, in tlie present state of things, the lowest of any series of beds which 
have been deposited from water is of necessity the oldest. If, then, 
the great majority of the ancient strata have also been deposited from 
water, if tbey are nothing but tlie hardened muddy beds of ancient seas 
and lakes, (a fact of which there is abnndant evidence,) then the same 
law necessarily applies to them — the lowest stratum is the oldest, nnd 
the supeijacent beds have all been deposited during a subsequent i)oriod. 
The argument applies with equal force to the whole crust of the earth, 
and if we could tell how much time was re^^nired for the formation of 
each bed, we should, by adding all the periods together, arrive at the 
smallest possible interval which can have elapsed since the deposition 
of the oldest bed. We have no data sufficient to euable us to say, with 
any approsimation to accuracy, how long it takes to deposit sufficient 
mud or sand to form, when hardened, a layer of rock two feet thick; 
but we are quite safe in sayiug that neither lake nor sea ever deposited 
that amount upon its bed in the course of a year.* Now the total 
measured thickness of ancient strata, deposited either from fresh or 
salt water, is not less than CO,U0U feet, (or about twelve miles,} so that, 

'Exceptional depwita, as, for inatonce, by earthqaake floods, aro here left, out of 
consideratioD, oa tboy can bave liod but littlu inBnence on tho sum total of tbo aqueoas 
fbnnatioDS. Tbe total thickness of tlia latter here assumed is midway between the 
oatimateB of Profesaoi Phillipe and Sir C. L70U. 



3o8 PRINCIPLES AND METHODS OP PALAEONTOLOGY. 

even assuming tbem to have been deposited, without iuteimption, at a 
rate faster than auy sea or lake deposits mud now-a-daj-s, we sbonM 
still require a period six times as long as that of which any hmnan 
record exists, for their formation. But, iu tnitb^ when we take into 
account the probably immensely Rreater time required for the formation 
of two feet of sedimentary deposit, the vast amoant of rock which has 
been formed and subsequently swept away by denudation, so tliat it is 
not reckoned iu estimating this total thickness of the strain, and tbn 
possibility that masses of strata, which will require interpolation in the 
general series, lie hidden from our view in parts of the world which 
have not yet been examined, or under the present bed of the sea, the 
most sober calculator will hardly venture to limit the factor by which 
even a period of thirty thousand years should be multiplied to give the 
whole period recorded by the monuments of geology. 

The conclusions here drawn from the facts of physical geology are in 
perfect unison with the chronological indications afforded by fossils. 
Beds many feet in thickness, composed of the remains of marine ani- 
mals, their shells unbroken and undisturbed, and sometimes covered 
with parasitic growths, (just like recent dead shells which remain long 
undisturbed at the bottom of the ocean,) are constantly met with. Here 
and there are thick strata, composed of nothing but the remains ot 
microscopic jilants and animals, which must have required a vast time 
for their aggregation ; elsewhere, the vestiges of huge coral reefs testify 
that innumerable generations of their slowly-growing fabricators must 
have lived'and died undisturbed, in one locality; and, in some places, 
enormous accumulations of the bones of large vcrtebrata, each individ- 
ual of which must have required many years to attain its full growth, 
tell the same tale. 

The two great astronomical truths to which the general mind has 
always found the greatest difficulty in assenting are, first, the doctrine 
that the seemingly fixed earth moves, while the apparently moving sun 
stands still ; secondly, that the earth is but a particle, and the diameter 
of the system to which it belongs insignificant when compared with the 
vast space which separates one of the greater heavenly bodies from 
another. Geology presents two corresponding truths, as hard to believe 
and yet as well founded. The first is, that the seemingly fixed land is 
subject to incessant oscillations, while the sea, so mobile on the small 
scale, remains iu reality comparatively unchanged. The other is, that 
our historical period, even if we include the widest limit to which tra- 
dition would carry the records of our race, is but an insignificant portion 
of the countless ages which have elapsed since the animals, the remains 
)f which are exposed to view iu the Lower Silurian cases of this collec- 
tion, lived and died, and were buried in the oozy bed of the ocean of 
that period. 

We are, therefore, compelled to believe that a general uniformity has 
prevailed iu the operations of physical and vital nature throtighont all 
time of which we haveany record: but jnst as the generally uniform and 
regular movement of the celestial bodies is quite consistent with minor 
and subordinate perturbations, so the proved uniformity of action of 
the causes in operation in the physical world by no means exclndes the 
possibility of bccasional sudden and immense changes, or " catastrophes," 
as they have been called^ nor does the equally evident general uniformity 
of plan predominant throughout the ancient fauna and fiora in any way 
interfere with very great and important deviations from those which 
now exist. 
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REMARKS ON THE "CARA GIGANTESCA" OF TZAMAL IN YUCATAN. 



Bt Dr. Abthub Schott. 



Of the many remarkable relics of ODcient Maya civilizatioD, the little 
town of Tzamal, Bituated about thirty miles east of M^rida, has a con- 
siderable share. One of the most valuable, because mythogi-aphically 
most elo<]nent, is the80-called"<7arafl((;r«H(esca,'' (gigantic face,} a colos 
sal work in stucco on the east side of a solidly built stoue dam, running 
north and south between various sacred mounds, or " kues," as ttie 
Mayas call them, and of which tlie historians of the Spanish coui^uests 
meution ten or eleven as in existence ^Jmost intact, shortly after the 
subjugation of the peninsula. 

Stephens, in bis ^^ Incidents of Travel in Yucatan," also speaks of 
the carious face on the wall, which he had visited in the courtyard of 
SeiJora Mendez. This author, howe%'er, devoted only » few cursory re- 
marks, together with an equally unsatisfactory illnstration, to a subject 
which well deserves the close attention of the antiquarian. 

There is nothing in the features of the image whicli should be desig- 
nated as stem and karsh, as Mr. Stepheus has done, for the only strange 
feeling this face may produce is caused by the colossal scale in which 
the whole work is projected. Otherwise the face, with its obloug, oval 
outline, exhibits what the Spanish define as a '■'■eara angogta,'" (narrow 
face,) in opposition to the hroad, square type of the common Indian of 
the land. The features are rather feminine, v^liich is only a genei'ally 
recognized peculiarity of the American aborigines; The whole face ex- 
hibits a very remarkable regularity and conforms strictly to the univer- 
sally accepted principles of beauty, which have been handed down to 
the art of the present day by the masters of ancient Greece. A verti- 
cal line drawn over the forehead, nose, and chin, divides itself natunilly 
into three equal i>arts, each of which correstwnds exactly to the frontal, 
uasal, and maxillary regions. The opened mouth, bringing the upper 
teeth almost into fiill view, together with the rounded nostrils and the 
slightly elevated tip of the nose, impart to the whole a singular expres- 
sion, which is certainly not accidental, but agrees strictly with the sup- 
posed puriMse for which this face was made, aud which will be more 
manifest by the following remarks. 

The outline of the face or head varies from the Greek oval by ap- 
proaching nearer to a rounded obloug, for the cheek and jawbones 
are rather more developed than the rules of classic beauty would admit 
The head-dress in the shajie of a mitre is encircled just above the fore- 
head by a band, which is fastened iu IVout by a triple locket or tassel. 
A singular deviation fmm nature is exhibitetl by the ears, which are 
made to project forward. Under the chin three flat staiie plates i)ro- 
ject, while the space on both sides of the head is filled np with numer- 
ous arabesqite curves of various kinds. The whole of this remarkable 
piece of stucco work occupies a space of about ten feet square. 

There is little doubt but that this work in its time must have served 
as a sort of altar, upon which tlie ofterings of burnt incense were d^~ 
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posited accompanied by tbe prayers or the devotees. ISt. Stephens 
also held this opinion not only on tbe strength of certain popular tra- 
ditioiia, but by virtue of some direct historical accounts of tbe Mayas. 
TLo blackened and charred marks on tbe three stone plat«s below seem 
to corroborate this assertion. Whether the image was once intended 
to represent a deity or derai-god cannot now be proved to a certainty, 
but its nature can reasonably be guessed at, so that it may properly be 
taken as a representation of Ytzamatal himself, who was the semi-divine 
founder and legislator of tbe aucientrealmof Ytzmal, now Yzamal. In 
order to enable the reader to judge for himself, an extract from the 
early history of the Maya confederation in Yucatan may be acceptable. 

After the fall of the tirst Maya empire during the eighth century of 
our era, when Chichen Itza, the then center of civilization, lost her 
prestige as the principal city, Ytzmal became the foremost place in the 
country. Here ruled YtzamatuI, the son of tbe true, living God, as he 
yas believed to have been. Kone ever knew whence be had come, for 
whenever asked as to his origin he invariably answered : " Ytsen caan^ 
Ttzen muyal, " which means, '- 1 am the detv of heaven, the sitbatance of 
the cloudji." It is, perhaps, alSo not improbable that this king's name 
was more a title than a real name, for in the Maya idiom it em- 
bodies a whole sentence within a single word, tbe meaning of which 
is, '^He who receives aTid possesses the graceP Be this as it nuiy, 
this name makes it obvious that its royal bearer must have been con- 
sidered by bis people as a semi-divine mediator between heaven and 
eai'tb, an idea by no means novel in tbe history of human civilization. 
The real existence of such a personage is, in a strictly historical sense, of 
little importance, but is noteworthy for the etliaugrapher, that the tradi- 
tional divine or semi-divine nature of the rulers and founders of empires 
is such a constant occnrrence inscmi-hiatorical ages, as to be invariably 
found in some form at the commencement of the history of every nation. 

Y'tzamatul, with his superior nature, according to Maya traditions, 
did not fail to enjoy the unbounded love and equally profound respect 
of the nation over whose destinies bo presided. His wisdom as a states- 
man and legislator, as well as his never failing justice as dispenser of 
tbe laws, gained for him so much the admiration of every one of his sub- 

i'eots, that after his death the honor of an apotheosis n'as accorded to 
lim ; and in order to do full justice to his memory, and to give tangible 
proof of the general veneration for the departed chief, bis royal body 
■was divided into various portions, over each of which a seimlchral tem- 
ple was erected. These sanctuaries soon became converted into so many 
places of worship, where tbe pious could ofier their prayers and sappli- 
cations. The names of some of these temple;j, each crowning at that 
time an artificial mound called " kues," have been preserved by several 
of the Spanish historians. Among them one api>ear8 which was called 
" Kiaich KalcMo," that is, " Sun with tlie face ■" another, " KabvX^ which 
means, " The working (creating) hand." 

Tradition has it that in both these temples sacred fires and sepalchral 
lamps were burning day and night. Oracles werQ also pronounced there, 
an<l tbe faithful brought thither their sick and dead, which in many in- 
stiinces became restored to health and life again by the miraculoas in- 
tercession of Ytzamatul's sacred memory. These places were said to 
have become thus famous and renowned, not only throughout the whole 
of the |>eninsula, but also far beyond its limits, whence a continuous 
pilgrimage was kept up. Hundreds and thousands joined iu pious pro- 
cessions from Cuba, Hayti, and Jamaica, as welt as from tbe interior of 
(iuutcmalaj Tabasco, and Chiapas. In order to fiicilitate such religious 
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national intercourse, terraced and paved highways were constrncted 
leading out from Yzatnal toward the four cardinal points. Of these 
colossal stnictnrea, many remnants ciin still be seen in various pai'ts of 
the country, while otlier portions of them are lying hidden in the almost 
impenetrable woods and wilds, covering at present the main part of the 
surface of the country. In the very vicinity of Yzamal a considerable 
piece of such an ancient road can be examined within the limits of a 
village called "niticum,"* (pronounced Tzitioum,) distant two Spanish 
leagues west of Yzamal. 

Among the details of our present relic, the head-dress, a mitre in form 
of an obtuse cone, with its symbolic adornments, at once indicates the 
Bnblime dignity of a sovereign, or, ac least, of the supreme dispenser of 
ttie nation's laws. The cincture encircling it, togefher with its triple 
locket or tassel in front, is the emblem of universal power and divine 
perfection, such as was always and invariably attributed to a sovereign 
before monarchism had passed its zenith of popular belief. According 
to the ideas of the ancient nations of this continent, as well as of those 
of the eastern hemisphere, a single band around the forehead was the 
badge of a nation's ruler. The mighty kings of ancient Persia, for in- 
stance, wore nothing else, and it was only in after times that from such 
a simple adornment the golden ring, the diadem, or crown, originated. 
Among the numerals the sacred three bas' ever been considered the mark 
of perfection, and was therefore exclusively ascribed to the Supreme 
Deity, or to its earthly representive — a king, emperor, or any sovereign, 
who, allegorical ly, stood between God and the nation, and was generally 
believed to be a descendant of the former. For this reason triple em- 
blems of various shai>es and apphcations are found on sundry objects of 
royal adornment, but especially on such as belts, neckties, or any encir- 
cling fixture, as ciiu be most frequently observed on the works of ancient 
art in Yucatan, (iuatemala, Chiapas, Mexico, &c., whenever the object 
has reference to divine supremacy. 

Behind and on both sides from under the mitre, a short veil falls 
upon the shoulders so as to protect the hack of the head and the neck, 
l^is particular appendage vividly calls to mind the same feature in the 
symbolic adornments of Egyptian or Hindoo priests, and even tliose ot 
the Hebrew hierarchy. Among the many fragments of ancient sculp- 
ture and architecture strewing the extensive area of Mayapan, at one 
time the metropolis of Maya empire, several heads of the same a|>i»par- 
ance, and adorned in the same way, occur, though varying a little in 
■ some unessential particulars. The same is the case with sculptured 
heads found at the celebrated Uxmal, {pronounced TJsfamal.) A mitre, 
in shape exactly like those here referred to, also marks one of t)ic resting 
stations of the Aztec migration, as can be seen on the Historic-Hiero- 
glyphic Table, which, as a valuable relic of that interesting nation, is 
preserved in the national museum in the city of Mexico. 

Apparently more difficult to understand in our Tzamal work of art 
seems to be what is fixed in place of the ears, together with the adorn- 
ments filling up the si>ace on both sides of the head. To decipher these 
enigmatic delineations, we have, besides tbe direct explanations of the 
older commentators of Mexican historj', and especially those of Clavi- 
gero, the general character of similar mytlftgi'aphical representations 
of other ancient and modem nations of this continent as well im those 
of Asia, which all exhibit the strictest similarity if not congrueucy, even 
in detail, il' idiographically compared. 

o reprcBCQt 
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Among the ancients of Mexico and Peru it was considered a princi- 
pal rerinisite for a sovereign, or even a lord of lesser powers, that be 
shonid never fail at any time to first receive the high commands of 
Heaven, which with all theocratic nations formed the base of all secu- 
larlaw and justice. It was likewise indispensable for him to listen impar- 
tially to the snpplications of those whose destinies Providence had 
placed in his hands. Without the most scrnpulous observance of snch 
sacred duties no monarch or lord could rightfully and for any length of 
time enjoy the high prerogatives of his exalted station. The Liatorj- of 
the Toltecs and ^tecs, like that of the Mayas in Yucatan, records sev- 
eral examples of reckless monarchs and transgressing rulera, against 
whom an indignant nation rose up in the defense of the outraged laws. 
Such revolutionary movementsterminated, almost without an exception, 
iu the loss of crown and life by the accused, and in most cases with an 
entire breaking np of the empire itself. The Toltecs on such an occa- 
sion lost their whole prestige in the valley of Mexico, The Mayas, their 
immediate descendants in Yucatan, repeated the same twice. Here the 
first enactment of popular wrath ended with the destruction of the 
realm of Chichen Itza, the oldest in that peninsula. The licentiousness 
and profligacy of two brothers ruling at the same time, under a sort of 
duumvirate, was the cause of the uprising of the nations which cost 
the two princes their lives and the supremacy of that realm. In a 
similar way the kingdom of Mayapau, the then center of Maya glory 
under the dynasty of the " Cocomes," came to its end by a twenty yearrf 
war, the causeof which was the most insulting oegle<;t of the nation's 
laws on the part of the rulers of Mayapan, while all the other con- 
federate iwwers, and especially those of the kingdom of Uxmal had risen 
to satisfy the offended ])Cople. The destruction of Mayapan, alarge 
fortitied city of nearly three Spanish leagues in circumference, took place 
about a hundred years before the first Spanish invasion of Yucatan. 

Deaf to the sacred word of the law anil deaf to the prayers of the suf- 
fering suhjects, these supreme lords of the nation, forgetful of their ob- 
ligations, forfeited crown and life, and their defections, like an untied 
knot, necessarily weakened the very foundation of the whole iK>litical 
structure. It is, therefore, bnt natural if the contemplative mind of those 
ancient nations, in their ever apparent symboUsm, laid such stress uxK>n 
the hearing organ of their rulers. 

The ideological view of this particular, confessedly so taken by the 
Feruviau, Mexican, and IMaya, may also explain the singular customs 
among the former, where the Incas and the lAgh nobility used to arti- 
ficially enlarge their ears by wearing iu them from early boyhood heavy' 
gold rings and other trinkets. The extraordinary size of the ext«ruat 
hearing organs, by themselves so much apjjreciated as a mark of high 
^stinction, did not fail to bring them into ridicule with the S|>auish 
conquerors, who nicknamed them " Orejon^ '' — that is, "Big ears." 

Whether or not the Mayas ever extended symbolism to snch a degree 
as to sutyect parts of the living body to a similar olUcial disfiguring is 
not known; but a hyperbolic shaping of the ears or other members of 
the body on the persons of high disiiuction can bo frc(|uently observed 
tlirongliout the represeutatious of their graphic arts, and our {iresent 
relic furnishes an unmistakable example of it. 

Here two orbicular plates with ^lerforated center take the place of the 
ears. Pour knobs in high-relief, probably with reference to the four 
cardinal points, divide these rings, or perhaps wheels, into so many 
eqaal quadrants. Kings and wheels signify among the glyphics of the 
Aztecs and Toltecs, and consequently also, of the May^^tlf^^^^fi^of 
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one year, as can be aeen everywhere oa their calendar or mnnuineutal 
slabs. If made tetramerous, ns are the present ones, thoy may have 
particular reference to their quadriennial cycle, called by tliem A'afun, 
and may serve here as a symbol of space and time combined. The ex- 
act connection of thought between sign and the ear of a ruler can only 
be suggested. 

Leaving theorizing to the reader, it may be well to call attention to 
similar ideographies which were used in ancient Asia and Eim>pe. The 
Greek, for instance, attributed to 8aturaua and Kronos a wheel as a 
symbol. The name of the latter as well as his attributes clearly have 
reference to time. Both Kronos and Saturnus are, again, identical 
with Erodo and Satar, of the heathenish Saxons, wlio combined with 
these personifications the same ideas as did the Greeks, who received 
the elements of their tbeogony from that of older Asiatic nations. 
Krodo, like Kronos, was represented with a wheel. The Greek also asso- 
ciated Satunuis, as the judging ruler in the realm of death, with Neme- 
sis, Adrasteo, as his consort. Various representations of the ancient 
Orient show both these personifications — that is, Saturnus holding the 
scale of Nemesis, and she having his wheel at her feet. 

Though a direct idiosyncratic correlation between Asiatic and Ameri- 
can symbolism cannot be proved here, the example may at lenat be 
accepted as one of those numberless instances which comparative eth- 
nography should never overlook. 

The two loopknots affixed, one above the right and the other below 
the left ear, are again the symbols of pledge or obligation, and mny here 
indicate the bearer's duty to receive the grace from above and listen to 
the prayers of the aflSicted below. 

The diversely-shaped curves filling np the space to both sides of the 
head represent, according to Clavigero's direct statements made else- 
where, the prayers and invocations of the devoted. They curl up like 
smoke and incense while seeking entrance to the ears of the paternal 
monarch, such as history and tradition represent Ytzamatul to have 
been. "^ 

In the earliest recortls of the Mnya nation, in regard to the realm of 
Tzamal, no other ruler of such a sublime nature is mentioned, though it 
seems that in various epochs other sections of this widely-extended theo> 
cratic confederacy severally claim such primordial legislators, more or 
less modified in name and form, but all said to have been go<ls or demi- 
gods. Thus, Ghichen Itza had her Zamnfi, Mayapan her Cuculcan, which 
mtter seems to have been of still higher rank, and is, in form and 
nature, the Maya equivalent for the Mexican Quetzalcoatl. 

The mythical halo surrounding the historical record of Ytzamatul 
seems to have so much overshadowed the memory of his successors in 
office that it would be rather hazardous to connect the image on the 
wall with any other pei'sonage but with that first rnler and legislator of 
Yzamal, or, better, Ytzmal, as it was called before this name was his- 
panized by the European conquerors. 

There can be but little risk in referring the " Cara gigantesca " in its 
colossal size to a rei>rcsontation of the one who, according to his people's 
belief, '•'•Receives and possesses the grace," as the name of Ytzamatul is 
Baid to signify. 
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FORESTS AND THEIR CLIMATIC INFLUENCE. 



Bt M. BbcQUEKul, Member of the AwuA IntHUiU, 



[Translated for the Smitbso 



FOBESIS OONSIDBBED IN i. OUMATOLOQIOAI. POINT OF TIEW. 

Forests exercise several kinds of influence over climate ; bnt, to appre- 
ciate them properly, it is necessary to deflae what we understand by 
dimate. 

The climate of a country, according to Humboldt, is the union of the 
pbenomeoa, whether calorific, aqueous, luminous, aerial, electrical, &c., 
which impress on that country a definite meteorological character, dif- 
ferent from that of another country situated andei: the same latitude 
and placed in the same geological conditions. Accordingly as one of 
these pheDomeua predominates, the climate is said to be warm, cold, or 
temperate, dry or humid, calm or variable. Heat, however, is regarded 
as exerting the greatest infiueuce; after this follow the quantities of 
water which fall in different seasons of the year, the humidity or dry- 
ness of the air, the prevailing winds, the number and distribution uf 
storms iu the course of the year ; the serenity or nebulosity of the air ; 
the nature of the soil and that of the vegetation which covers it, accord- 
ingly as this is st>ontaneous or the result of culture. 

1. What is the part which forests fulfill as a shelter against the winds 
or in retarding the evaporation of the rain-waterl ii. What is the 
influence of trees ou the water imbibed by the toots and ou that which 
exudes by the leaves, as modifying the hygrometric state of the ambient 
airf 3. How do they modify the calorific state of a country? 4, Do 
forests exert an infiuence on the quantity of water which falls, and on 
the distribution of rains in the course of the year, as well as on the 
system of niuning waters and those of springs T 5. How do they inter- 
vene for the preservation of mountains and of slopes f G. Do forests 
serve to withdraw from storm-clouds their electricity^ and thus to mod- 
erate then: eifect on neighboring and onwooded regions ! 7. What is 
the nature of the infiuence which they are capable of exerting as regards 
the public health ! 

From this series of questions it will be seen how much caution is to 
be observed before we pronounce on the influence which the dwboscation 
or clearing away of the forests of a country may exert ou its climate. 
It is necessary, first, to know the geographical position, the geological 
constitution of that country, its latitude, its proximity to or remoteness 
fix>m the sea, the nature of its soil and that of its subsoil, according as 
one or the other is pei-meable or impermeable, sdiceous, colcareousj or 
argillaceous — elements which must all be taken into consideration, 
These questions, with the exception of a few, not being susceptible of 
solution a priori, exact, of course, a special examination and experi- 
mental study, without which we incur the risk of pronouncing an opin- 
ion not in accordance with that of one who may have considered the 



* From the Alia* MitianilogitpM it PfXtenaMrt IttpMat. Folio, Puis, 1867. 
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Bnbject from ft different point of view, or embraced but a part of the 
qaestion. Let as adduce the proofs: 

The action of forests on the climate of a country is very complex, for 
it fortlier depends, first, on their extent, their elevation, the nature of 
the soil, and of the subsoil ; Becond, on their orientation or direction 
with regard to the winds, whether warm or cold, dry or hdiuid ; third, 
on tUe age at which they are cat, on their species, that is to say, whether 
the leaves be cadncons or persistent, seeing that the radiating and ex- 
faalant prop^ties are not the same at all seasons; fonrth, on the season 
of rain, whether in summer, antnmn, or winter ; fifth, on tbe itroumity 
of pestilential marshes, &c. 

Whatever be the action exerted by a forest, it will of coarse bear a 
relation to its extent, for a tree or group of trees does not act like a 
large mass ; a single tree indicates, by the shade which it throws on tbe 
snrrounding soil, that its presence is injurious to tbe culture of plante 
to a distance which depends on its height; the loftier the forests, tbe 
greater the extent of the shade ; the shade depends only on tlie skirt of 
uie forest, and to a certain degree on the density of that skirt. 

Tbe height of the trees, if tbe forest has a certain density, may be 
en obstacle to the wind, according to their position in regard to the di- 
rection of the latter. It is well understood that forests principally act 
as a shelter only in relation to the lower winds; the obliquity of these 
is to be taken into consideration, as will be seen hereaiter ; the depth 
of the forest supplies to a certain extent the compactness in which it 
may be deficient. This action will be developed further on. The nature 
of the soil claims consideration according to the pro{K>rtiouH of clay, 
lime, and silex which enter into its eompositioii. In the cuse of dif- 
ferent combinations of these constituents the efi'ects are quite different, 
macb depending also on the circumstance whether the subsoil be per- 
vious or impervious. All soils, as is well kuown, may be reduced to tbe 
four following divisions: 



PerviouB soil .. 



( 1. Perrioiis nnbeoil ; 
) S. InpervioaB anbaoil. 
ImpervioiuiMd J 4. Impwvioaa subsiiL 



The roots of trees, by penetrating into the soil and subsoil, separate 
tbe particles and thus facilitote the escape of the surface waters : the 
older tbe trees and the more ancient the preserves, the more deeply do 
their roots penetrate, and the greater tbe facility consequently with 
which the waters traverse the subsoil. 

Let us examine the effects of the four kinds of soil above enumerated 
on the vegetation of forest trees. First case. With a" pervious soil and 
pervious subsoil the waters never stagnate, be the soil wooded or not. 
Second case. With a pervious soil and impervious subsoil, stagnation of 
tbe waters takes place when the soil is not wooded — of this Brenue and 
Sologue are examples ; if it be wooded and the subsoil have not too 
great a depth, tbe waters readily percolate by help of the roots which 
traverse it ; in the contrary case they remain stagnant. Third cme, Ther 
soil impervious, the subsoil pervious : this soil suite only certain species 
other than the oak. Fourth ease. Soil and subsoil impervious : with this 
soil forest cultore agrees least of all ; yet are there certain species which 
can Uve and develop themselves therein. Tbe roots of trees, therefore, 
by making their way into tbe soil, fulfill an important part in the distri- 
bution of the waters of a conntry. MM, Gras and Alphonse Surel, 
^from numerous observations made in the higher Alps, explain as fol- 
lows the efifect produced by foreste situated on the sides of mountainsi 
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When a sloping surface is overrun by vegetatioD, first by low plants, 
then by trees, tUe roots entwioe witb one another and form a ne^wo^k, 
which gives consistency to the soil^ while the branches, furnished with 
tlieir leaves, protect it from the violence of raiu-storms. The trunks, 
with the ofl'shoots and brush-wood which surround them, multiply 
points of resistance to the currents which would otherwise furrow the 
earth. The efl'ect of vegetation, therefore, is to give more solidity to 
the soil, and to distribute the waters over the whole surface. The soil, 
b«ing divided by the roots and covered with a spongy humus, absorbs 
a part of the waters which cease to flow over the declivities. It is thus 
that the woods act aa a shelter against the force of rains in mountainous 
countries. 

The action of forests as a shelter in regard to winds is not absolute ; 
for the effects depend on the height to which the wind blows. If this 
height does not attain that of the forest, the wind is arrested at every 
moment by the trees; loses it« velocity; andj if the forest has a sufficient 
density, will have wholly ceased by the time it reaches its limit. When it 
blows to a height greater than that of the trees of tlie forest, the latter has 
no action except on the lower stratum of the current of air, unless ita 
direction be inclined ; above the forest, the upper mass of air which bati 
encountered no obstacle, and which has a borizoutol direction, continues 
with the same velocity. The action, then, of a forest as a shelter, is 
limited. 

Forests may act in still two other ways : when they happen to lie in 
the direction of a violent current of air, at a maximum of saturation 
with vapor, a part penetrates into the mass, the other part is disitersed 
in all directions by the obstacle presented to its passage; the i>ortion 
which rises, if it encounters a colder stratum of air, yields its vitiwr to 
precipitation, and a fall of rain ensues. Again, when a current of humid 
air charged with pestilential miasms penetrates into a forest of a certain 
extent, it is altogether divested of them. It has been observed in the 
Poutine marshes that the interposition of a screen of trees preserves all 
thatisbehindit,whileuncoveied tracts are exposed to fevers. The trees, 
therefore, sift the infected air by removing its miasms. This fact has 
been reported by M. Rigaud de Lille, in bis work on malaria. 

M. Hardy, director of the government nurseries at Algiers, baa 
announced facts which clearly show the influence that trees may exer- 
cise as a shelter. There exist in Algiers three groups of frutescent or 
shrnbby plants ; the first being formed of trees with caducous leaves, 
poplars, alders, &c., which grow in ravines and on the banks of streams; 
the second comprising the agave, the cactus, the palms, &c. ; the third ' 
consisting of vegetable species with persistent leaves, such as the olive, 
the carob, the wild laurel, &c. M. Hardy has remarked that the trees 
of the first gronp which are indigenous grow rather in breadth than in 
height, and that they constantly present a large and flattened top; if 
some species happen to attain considerable altitude under the most 
fevorable conditions for their development, they are observed to grow 
with vigor for some time, but arrived at the height of the trees of tho 
country, the top becomes dry and the branches then extend themselves 
horizontally. Effects of this kind are to be seen in the poplars planted 
at Bouffaricli, in the center of the plain of Mitidja, under conditions of 
humidity of soil which leave nothing to be desired for this species, and 
yet these trees are incapable of surpassing the height of from 10 to 
12 metres, {33 to 39 feet.) There are fouud, it is tnie, specimens which 
rise higher and still seem not to suffer at the top, but these are situated 
at the base of a steep hill whose erest is much more lofty than the 
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Thia ioabilitj of the vegetation to rise beyond a certain height, which 
is far from being that at which the tops of sach trees ordinarily Btop, 
evidently proves that there exists, at a greater or less elevation, a stra- 
tum of air in which development in hdght is impossible. This effect 
mast be attributed to the air current of tbe desert, which is warm and 
dry; all trees which grow in AJgeria are subject to its influence. The 
trees of the third gronp, the cypresses, the cedars, &c., which brave 
thia influence, rise to a very considerable height. 

The principles above set forth suffice to show the part which for- 
ests may play aa a shelter, and within what limits they act. We are 
naturally led to examine tbe value of the contradictory opinions re- 
specting the effects of their removal, enunciated by Arago andGay- 
Lusaac, in tbe commission appointed in 1836 to consider the expediency 
of adopting article 219 of the forest code. " If the screen of forests on 
the maritime border of Normandy or Brittany," said M. Arago, " were 
levelled, these countries would become accessible to the west winils, 
the temperate winds coming from the sea. Hence there would be a 
diminution in the cold of the winters. If a similar forest were cleared 
away on the eastern frontier of France, the glacial wind of the east 
would there be more powerfully propagated, and the winters would be 
more rigorous ; the destruction of a screen of this sort in the one and the 
other situation would, therefore, have produced effects diametrically op- 
posite." 

In principle M. Arago was right, but not absolutely, for tbe effects de- 
pend on the locality where tbe forests are situated, on their altitude, 
and on various other causea 

M; Gay-Lnssac used very different language: "In my opinion," he 
said, " no positive proof has'thus far been obtained that woods have of 
themselves any real influence on the climate of a large country or of a 
particular locality, and especially that they have a different influence 
iVora that of all kinds of vegetation. It might be asked if tiie evapora- 
tion of water is the same on a naked soil and one covered with vegeta- 
tion. The questions are so complicated when considered under a cli- 
matic point of view, that the solntion is very difficult, not to say im- 
jmssiblc. Another advantage in wooded soils which I do not dispute, 
is to promote the abundance of springs of water. And all, in fact, that 
tends to arrest the flow of rain-water and to enable it to inflltrate slowly 
into the earth, instead of passing off in torrents, is favonible to soch 
springs. But once more, this advantage attributed to woods is pos- 
sessed, in perhaps the highest degree, by a hej-baceous vegetation ; 
the close and numerous blades, the comose and mteriaced roots, com- 
pose a thick and spongy mass which admirably intercepts the move- 
ment of the water, retains it, and yields it up by little ajid little." 

On the other hand, M. Bengnot, reporter for the commission named 
in 1851 to re^nse, as far as was needful, the forest code in matters re- 
lating to clearings, denied, though with less authoritativeness than 
MM. Gay-Lnssac and Arago, the influence exercised by great masses of 
wood on the climate of a country. In his report he remarks : " The de- 
partments of La Loire-InfMenre, La Manche,Le Pas de Calais, Lc Xord, 
La Somme, Le Maine-et-Loire, are among those which arc least wooiled. 
la tbe climate less salubrious than that of the Landes, of the Gi- 
Tonde, of Loiret, of Cher, and Lolret-Cher, which are among the most 
densely wooded ^" " We arrive," be adds, " at the same conclusion, on 
comparing together the different countries of Europe: consequently 
the clearing away of woods is in nowise injurious to the s^lubrit^ of 
the country." ,, i.C .t>(>'^lc 
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Less proof it would be impossible to bring to the solution of a qnestioo. 
We shall proceed to discuss each of these opinions ; not conteuting our- 
selves, like their auttiont, with adhering to generalities, but by a resort 
to fiiets and e:speriment8, the sole means of arriving at a solution. 

M. Arago was right in saying that forests served as a shelter against 
winds, but he did not say within what limits, and yet therein, as we shall 
show, lies the whole question. The Alps, by reason of their situatiou 
and height, protect certain parts of the coast of the Mediterranean, es- 
pecially those aboat Nice and Hyferes, from the cold winds of the north. 
The same chain of inotrntains renders exception^ also the cliuiat« of 
Lake Maggiore, Lake Como, and the nelghboriug districts. Mothiug 
like this would occur, at least over so great an extent, if, in place of the 
Alps, which are several thousand metres in height, there were moun- 
tains of an ordinary altitude or mere hills ; for, the protected surface, as 
will be seen, depends on the elevation of the mouutaius. Now, the ac- 
tion of forests, composed of the loftiest trees, having at most a height 
of from 30 to 40 metres, (100 to 130 feet,) cannot be did'erent from that of 
simple hills. Their mass supplies in this case the compactness in 
which they are defective. 

"In the plains of Orange," says M, Gasparin, {Trait4 d'Affricullure, t. 
1, p. 1%,) " the north wind which passes over the mountains of Dauphin^ 
strikes the earth at an angle of about 15° } whence it follows that a height 
of 200 metres (65C feet) protects a space of 2,100 metres (7,087 feet,) a 
border always reserved for the most valuable crops, and such as most 
shun the cold. Under (ho influence of such a shelter, the mean tem- 
perature of the year is raised by more than 1° ; whence it is that the 
orange tree flourishes in the open grounds at Ollioules and Ilyiires, 
while it cannot stand the winters of Marseilles ; hence, too, the temper- 
atore of the air at the Lakes Como and Garda permits the cultivation 
of the olive, which dares not show itself in the plains of Lombardy," 

We will cite still another example which furnishes an idea of the ex- 
tent which may be protected by a slielter of slight elevation. In the 
valley of the Bhone, where the mistral frequently blows, a sim])le hedge 
2 metres in height (7 feet) is capable of protecting a space of 22 metres 
(72 feet) in breadth, a limit which, as M. Gasparin observes, should 
serve as a guide in the discussion. It is by means of such shelters, 
which are ^■eafly multiplied iu this valley, that the cultivation of le- 
guminous plants is possible, as it could not be without this exi>edieut. 
In the open plains of Provence, hedges of etill greater height are ob- 
tained by plantingthecypressandtbelaurel. All theseshelters, though of 
little elevation, protect large spaces when the lower currents of cold wind 
are horizontal. Li this connection, we should uot forget to mention the 
different aspect presented by the two faces of the Pyrenees ; the tract 
on the side of Spain, whidi is exposed to the winds of the south, is 
arid, whde that which looks toward France is covered with pasdues 
of flne vegetation. 

The examples which we have just cited sufSco to show that the action 
of forests, even when composed of trees of the tallest growth, is limited 
and cannot consequently extend to an entire country, ae is maintained 
by M. Arago. 

M. Gay-Lussac is still less explicit, for he only propounds questions, 
orgivestheirsolutionaprtortwithoutproofs insupport of it. Ucasks, 
for example, whether the evaporation of water is Uie same on a naked 
sod as on one covered with vegetation ; he asserts, on the other baud, 
that the influeuce attributed to trees upon the system of waters per- 
tains in the highest degree to the herbaceous vegetation. The examin- 



FORESTS AND THEIB CLIUATIC ISFLXmSCE. 399 

ation of these qneBtioDs mtoires that we shoald take into couaideration 
the following data: 

Schubler has proved that all earths do not possess the same property 
of imbibitioa. lu 100 parta of earth desiccated to 40° or 50°, the uuin- 
bers foood, for the quaotities of water absorbed, are these : 

Silicooossand 2i) Pureclny 70 

Calcareous Hand 29 Fine calcareoDS eatth 8S 

Barrenclaf 40 Humus 190 

Calcareous and siliceous sauds are the sabstances, therefore, which 
have leant nthiiity for water, while homuB is that which has most. The 
state of division, as will be seen, has aa inflnence on the conditioiis of 
fine calcareous earth. It is ioipossible to separate, in the pres<tnt case, 
the property of imbibitioa from that of aptilnide for desiccation, to 
which re^anl must be had in evaporation. Experiment proves that 100 
parts of the water of saturated earth lose in four hours, at li'^.TS 
(57° F.) of temperature : 

SilieeoOB Band •. 88.0 ArgillaceonB earth 34.9 

Calcareous aaad 75.9 Pure clay 31.9 

BarK-Dclay 63.0 Limii in fine powder 28.6 

Fertile clay 45.7 Humus 20.15 

It will be seen from this that siliceous sand is the substance which 
allows water to escape most easily, while humus is that which retatna 
it longest. Calcareous sand loses water less easily than silicious aaud. 

We will further mention the results obtained by Melloni in experi- 
ments relating to the re&igeration undergone bv certain substances 
under the influence of nocturnal radiation, and which should be taken 
into consideration : 



Batioin the 
effectsofre- 

lri){uratioi]. 



Plants with smooth leaves.. 

Siliceous aand 

Vegetable earth 



Wow, the absorbing power being equal to the emissive power, it must 
be admitted that the substances will in the same time acquire heat in 
the same rntio. Such are the elements which enter into the solution of 
the question, or rather questions, proposed by M. Gay-Lnssuc. 

When rain falls 011 the soil, the upper strata first become saturated, 
then the excess of water passes to the lower stratum, which likewise 
becomes saturated until the excess of oue stratum completely saturates 
that whit;h is beneath it. When the up]>er stratum becomes dry through 
evaporation in the air, it resumes, from that which is below, what it has 
lost, as does the latter from the third stratum, until all the water pri- 
marily absorbed is dissipated. Ai^ to the evaporation, it is evidently 
less, all else being equal, on a wooded surface than on a merely sodded 
one. 

M. Gasparin (Trait^ ^Agriculture, t. II, p. 110) has made experiments 
on the subject we are considering, and hnds, on compariag the evapor- 
ation of a surface of water with that of a surface of earth completely 
saturated, in the month of August, and at a temperaturo of 23° to 26°, 
(73° to 79° F.,) the following results as the ratios of one to the 9ik^ 1/^ 
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!Ev»|K>nitioii, therefore, proceeds rapidly in tlie eartii at first, bat, as 
Tve sec, becomes flDally very feeble. 

Tbe series of espcriuients we bave above reported sbow tliat evapor- 
ation iriiiat vary considerably with the nature and physical state of the 
soil, a consideration to which no regard has heretofore been paid ; thus, 
lands covered with low vegetation, or with woods, and whose soil is 
composed of humus mixed with sand, lime, or clay, absorb more water 
than those which 4I0 not contain hamus, and retain it consequently 
longer than the latter. The effects vary according to the proirortious of 
the different elemcnta which compose the soil. The iutlltrations are 
greater iu wooded lands than in sodded, the roots dividing them to a 
greater depth, and thus facilitating the passage of the waters which 
are not arrested e.\a!pt by some imi>crviou3 stratum. Tho branches of 
trees provided with leaves not only form an obstacle to the cvajKiration 
of the water resting on the surface, bat the leaves arc farther constantly 
surrounded by an atmosphere of vapor proceeding from exhalation, and 
which prevents evaimration, in so far as this exhaled water suffices for 
tho saturation of the air; during all this time the infiltration continues 
in the eaith. Ilerbaceous plants, being deficient in mass, do not pro- 
duce the same effect; in fact, whoever has been in places wooded in 
part, and iu part covered with sod, must have remarked that, after rain 
and exjiosure for some time to the sun, the sodded spaces had become 
dry, while tbe wooded were still damp. 

I*t lis speak now of the water taken np by the roots, and of that 
which is exhaled in the air. The roots of trees, as is proved by the 
experiments of Hales, Dutrochet, Mirbel, and M. Chevrenl, draw iu a 
great quantity of water charged with the divers elements which go to 
constitute the sap; the snrplus of tbe water is exuded by the leaves, 
and continually maintains in the ambient medium a humid atmosphere. 
The water imbibed proceeds not only from the superficial strata, bat, 
moreover, from the more or less deep strata iuto which the roots pene- 
trate, and which furnish little or no water to herbaceous vegetation; 
these strata are fed by subterranean currents of water often coming ftum 
a great distance. Further, this water which existed iu the deeper strata, 
being effused iuto the atmosphere, afterwards falls as dew, fog, or rain, 
' and thns augments the quantity of water which the surface of the soil 
receives even at remote distances. 

The ({uantity of water imbibed by tbe roots is snch that it is difflcnit, 
in fact, to make anything grow near trees. Several causes prevent iC 
Tbe earth which cuvelopes tbe roots nearest the surface is oft«n in a 
certain state of desiccation; it loses by degrees its nutritive principles, 
its lime, &c. ; it becomes dense, and, no longer containing aught else 
than clay and sand, acqaires compactoeBS, and is then more permeable. 
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It has now been shown, let, that there exists adifference between eva- 
poration on a naked and on a sodded soil; 2d, that there is such a differ^ 
ence also in regard to a sodded soil and a wooded one, with the advantage 
in favor of the latt«r that it better facilitates infiltration of the water; 
3d, that the quantity of water imbibed by the roots does not parch the 
soil, since) after exhalation, it again falls in the state of fog, dew, oi 
rain. Desiccation only takes place when the soil is exhaustecL 

Let us see now to what point the conclusion of M. Beugnot, that the 
clearing awny of woods is never prejudicial to salubrity, has ita founda- 
tion in fact. This conclusion is true if the soil is siUceous or calcareouti 
and the subsoil permeable; but it is not so if both are argillaceons, foi 
the roots are no longer present to facilitate infiltration, unless indeed 
drainage is used to remove the stagnant water. Of this, Sologne, La 
Brenne, and Dombes arc examples. 2for is it true if the woods which 
are removed existed iu the proximity of swamps producing [testilential 
miasms, like the Pontine mnrshes. 

Let us next consider the calorific iuflnence of forests. This infiuence 
has been established as follows by Humboldt and the meteorologistA : 
They screen the soil firom solar radiation, preserve a greater humidity 
therein, and promote the decomposition of the leaves and twigs, which 
are converted into hnmns; they produce frigoriflc effects through the 
strong aqueous transpiration of the leaves, and by multiplying, through 
the expansion of the branches, the surfaces, which, acquiring heat by 
the action of the solar radiation, are again chilled by the nocturnal 
radiation. In relation to this latter action, positive experiments demon- 
strate that the stratum of air in contact with a prairie or a field covered 
with grass or with leafy plants is cooled, all else being equal, under the 
nocturnal radiation, to the amount of several degrees, sometimes from 
6° to 7° or 80(100 to 15° P.) belowthe temperature of the air atsome metres 
higher up ; while nothing similar takes place on a denuded suriiicej which 
grows warm or cool according to the nature of the parts composing the 
soil. We will add, however, that, uiaemuch as the leaves as well as the 
trunk and branches acquire heat under the solar influence and preserve 
during the night a portion of that heat, this effect must naturally coun- 
terbalance that resulting irom the nocturnal radiation. UntU now, no 
account has been taken of this effect of solar radiation upon trees, 
although it exerts a considerable iafluence on the temperature of the 
air b«yond the woods as within them. To explain tbe calorific influence 
of trees on the temperature of the air, it is necessary, therefore, to join 
to the older observations those which have been more recently made on 
the temperature of the air at difi'erent heights in the neighborhood and 
at the periphery of trees. 

Humboldt and Bonpland, recumbent on the grass during the fine 
nights of tbe tropics in the plain of Venezuela and the lower Orinoco, 
experienced a humid coolness when the strata of air at a height of 1 or 
2 metres (3 or 7 feet) had a temperature of 2Go to 27°, (79° to 80° F.) 
In the equatorial and tropical regions, where the nocturnal radiation 
acts with so much force by reason of the serenity of the sky, tbe increase 
of temperature, as we ascend, is maoifest«d as in middle latitudes, but 
to a much greater height. Hence, iu the equatorial zone, no change is 
observed in the vegetation from the level of the sea to the height of 600 
metres, (1,969 feet;) and beyond this, even toau altitude of 1,200 metres, 
(3,937 feet,) we still recognize the flora of the tropical zone. 

We can now explain why, under onr latitudes, certain products of 

ooltore fail in the depressions of the surface and succeed upon bills, 

26S ,00^\c 
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nnd for what reason vegetivbles are overtaken by frost in low situations 
and are exempt from its effects at heights a little more elevated. M. 
Martina observed a fact of this kind in the Botanic Garden of Mont 
pellier. Laurels, figs, olives, nearly all x>erish in the lower parts of this 
garden, while, nnder conditions of shelter wholly similar, they are safe 
at an elevation greater by only a few metres. Do we not know also 
that vines planted on the acclivities of bills protluce better wiiie than 
those which grow at the bottom, on account of a more i>erfect maturity t 
Experiments whicli we have made with the electric thermometer 
evince quite satisfactorily this remarkable property, that the tempera- 
ture of the nir rises from i".33 (4 feet 4 inches) above the soil to 21".25 
(68 feet 10 inches) at the summit of a chestnut tree, and probably from 
ibis summit upward to a certain height whose limit has been fixed by 
M, Martins and other meteorologists ; for the leaiy peripliery of trees 
must be supposed to act like the soil covered with low plants, by reason 
of its great absorbing and emissive power. The mean differences 
between the temperatures of the two stations have been verified at the 
Jardin des Plantes, duriug several years; 

Prom I-o-Sa to 16 metres 0^.420 

From 16 metres to 21™.S5 (P.580; 

clearly showing the influence exercised by low plants and the periphery 
of trees on the temperature of the ambient air through the effect of 
calorific radiation. Let us now inquire what the infiuence of the body 
of the tree — that is to say, of the trunk and bmnchea — may amount to. 
Every body, not excepting trees, immersed in air grows warm or cold, 
and partakes consequently, more or less, in tbe variations of the temper- 
ature experienced by the ambient medium, the effects produced depend- 
ing on the state of the surfaces of the body, on its conducting power, 
and its specific heat. The exi^riments whose results we are about to 
reiiort, as detailed in several memoirs which we have had occasion to 
present to the academy, (1861-'64,) furnish the clearest proof of the 
above proposition. Some of those results are as follows: 

On examining the variations of temperature in tbe interior of a maple, 
0°'.4 (1^ inch) in diameter and sitaated in a gronp of other trees, it was 
found that, during the months of August, September, and October, the 
mean temperatures presented no sensihle di&lerence with that of the air 
except in September, although the variations in the tree were in amount 
very nearly one-half of those of the air. 

The temperature in a tree is far from being the same in all its parts. 
If the leaves and branches promptly assume an equilibrium of tempera- 
ture with the air, not tbe less promptly does the trunk conform there- 
with, and that to a depth of 0".I,{4 inches.) The effects are different in 
trees exposed to the soUr radiation, according to the proximity or re- 
moteness of objects which absorb and nuliate heat : a plum tree jilaced 
near a wall, 2 metres (7 feet) thick, was covered, in tbe month of July, 
with leaves and frait^ the tree was 6 metres (20 feet) in height, and in 
diameter, 0".35, (13 inch.) The difference between the maximum and 
uiiniinum of temi>erature had, for several days, beeu from 24° to 2i>°, 
and the temperature at the interior of the tree had ascended to 37°, 
(9tPF.;) such a state of things could not longexist without weakening 
the tree, hence the leaves withered by degrees, the fruit fell off, and 
ever^'thing announced tbe approach of death, which took place a month 
later; thus was produced an effect which gardeners call a heat stroke, 
(cr>K;> (7c chaleur.) 

We see, therefore, that a tree becomes heated in the air like an inert 
botly, and tbe more rapidly in proportion as its mass has less volume 
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and its bark a more considerable absorbing power; so trne is this that 
when the trnuk of a plum tree was enveloped to the height of 2 metres 
(7 feet) with tin, which possesses strong reflecting properties, the tem- 
perature of the air being i)ereeptibly the same as in the preceding case, 
the difference between the maximam and minimum descended from 
130.07 to 6o,2. {230 to lOo.) It will be seen from this that the tempera- 
tore had become more uniform in the plam tree. On removing the en- 
velope, the difference between the maxima and minima increased and 
became what it had been before. 

Metallic envelopes or those of straw diminishing in trees the varia- 
tions of temiwrature and rendering the movement of heat more regu- 
lar, it will r^dily be conceived that the nature and thickness of the 
bark must exert a great influence on the calorific state of trees. Ex- 
periments made on the Opuntia and on other plants tend to show that 
the leaves and small branches are promptly brought into an equilibrium 
of temperature with the ambient air. On comparing the mean temper- 
ature of the air with that of the interior of a chestnut tree having a 
diameter of 0^.5, (20 inches,) it has been found that the mean of the 
temperatnres observed in the tree, during a period of thirteen months, 
was superior by (P.3Q to that of the air at its surface, and by 0o.83 to 
the temperature of the air at the north and in the shade ; this difference 
is owing probably to the f^ct that the thermometer was placed to the 
north and sheltered from the sun, while the tree was shielded from the 
north winds by a neighboring building, and was exposed moreover to 
the solar radiation. Experiments made on other trees show that the 
principle of equilibrium of temperature between the air and the trees 
shifts with the lapse of more or less time, and so much the more rapidly 
as the variations in the air are less frequent. In winter and autumn 
the difference is at a minimum, and in spring and summer it is at a maxi- 
mum. The maximum of temi>erature in the air takes jilace, according 
to the season, between 2 and 3 o'clock in the afternoon, while in 
the tree it occurs alter sunset. If regard be had to the seasons, it will 
be found that it is in summer especially that the maximum is more 
marked ; it does not occur till about nine o'clock in the evening. 

The heat disengaged in the organs and tissues of plants interposes 
bat very feebly as regards their proper temperature, which is almost 
wholly of extrinsic derivation ; for its pftncipal cause, we must look to 
the solar radiation and the temperature of the air. The diurnal varia- 
tion of temperature in the air is easy to determine, since it is the difl'er- 
ence between the maximum and minimum of the day. To find this 
variation in a tree is a matter of difficulty, but we may arrive at it, in 
at least an approximate manner, by the following means: 

Observations on temperature were made at Geneva, from 1796 to 1800, 
at the rising and setting of the sun, and at 2 o'clock p. m., in the air to 
tJio north and in the interior of a chestnut tree 0™.6 (24 inches) in 
diameter ; the maxima and minima could be obtained by combining the 
temperatures at 2 o'clock and at the rising and setting of the sun, the 
maximum taking place about or after the setting of the sun, as was said 
above, and the minimum about the time of its rising; the difference 
obviously gives the variations within the tree. By discussing the varia- 
tions thus obtained iu the air and in the tree, it was seen that, during 
the years 1796, 1797, and 1708, the variations were, on a mean, more than 
five times greater in the air than in the tree. 

In the observations made at the Jardin des Plantes, ftx)m December, 
1858, to July, 1859, it was ascertained that the means of the variations 
of temperature in the air and in the tree were in the ratio of 3° .30 to 
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00.81, tbat is to say, ttat they were 4.T times greater in the air than in 
the tree, instead of 5.89 as was realii:ed at Geneva. This dififerenoe 
depends evidently on the had coiidactibility of the wood, which does not 
permit the variations of temperatare in the air to be rapidly transmitted 
mto the tree; it is easy to conceive that variations in the air distinctly 
marked, hut of short duration, cannot become appreciable in the tree. 

The leaves and young brauches of trees, and the humbler plants which 
cover the meadows, existing under the same conditions as regards wum- 
ing and cooling, produce the same effects of radiation ; it is in the boughs 
of a certain balk and in the trunks, therefore, tbat we most study the 
influence exerted by the proper temperature of the plant on the ambient 
temperatare. A green stem should be considered, in fact, as a body 
covered with an envelope possessing a great emissive and absorbent 
power, by virtue of which its temperature is lowered or elevat«d iucea- 
santly through the effect of the radiation into space or of the solar radia- 
tion : but when the parenchymatoas tissue is replaced by a cortical tissue, 
the lignum which is beneath being humid and a worse conductor in a 
transverse than longitudinal diretttion, the movement of heat is then 
effected ver>' slowly, and brisk changes of temiieratare are no longer 
observed in the interior as in the case of the young branches. From the 
above it will be seen tbat the variations being much less in the stem of 
a tree of a certain volume than in the air, if the temperature of the air 
varies even to a wide extent, but the variations are at the same time of 
brief duration, the calorific state of the tree is but little affected thereby. 
In the contrary case, the tree Dually assumes an equilibrium of temperft- 
tnre with the air. 

Every vegetable has need of a certain degree of heat in order for ita 
tissues to perform their functions ; when the temperature rises gradually, 
the pariB dilate ; the evaporation and circulation of the sap is acceler- 
ated ; the Towering of the temperature produces contrary effects. On 
the other band, alternations of heat and cold give a new activity to vege- 
tation J thus under the tropics, the great variations of temperature during 
the day and night, in that part of the air which envelops the trees, being 
equally maiufested in the interior of the trees, this state of things proves 
eminently fevorable to the forest vegetation. 

The atmosphere is the source from which all plants derive the heat 
of which they have need in ortfer to germinate, develop themselves, and 
accomplish all the phases of their existence. The mean temperatare of 
a place, the daily variations and the extremes of the temperature of the 
air, are the calorific elements to be principally taken into consideration 
in the phenomena of vegetable life and in researches relative to the calo- 
rific inffucnce of forests and of woods in general upon climate. The 
heat produced in the tissues in which the transformation of the sap is 
effected does not act sensibly on the temperature of vegetables ; at least 
it is not appreciable by our instruments ; what they possess is bor- 
rowed. 

We have ourselves undertaken several series of observations on tem- 
perature in different localities, both within the woods and withoat, to a 
certain distance, in order to ascertain the induence which forests oxer; 
on the mean temperature. The results which we shall obtaiu will form 
the subject of another memoir. 

It is proper here to remark that plants possess of themselves the fac- 
ulty of resisting for a certain time an extreme degree of refrigeration 
without suffering organic lesion, as we have ascerteined in a series of 
experimente which leave no doubt on that point. We have been thtu 
led to believe that there exists in the organization of vegetables a oaase 
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independent of condnctibitity, which strives agaiast a reduction of tem- 
perature below zero, and preserves them for a certain time flroni the dis- 
astrotis effects of excessive cold. The action varies with the diameter 
of the tree, and probably with the species to which it pertains. 

In northern re^ons the temperature of vegetables compared with 
that of the air is very remarkable. M. Bourgeand, under the 5Sth de- 
gree of latitude, at places where the temperatore descends in winter 
below the degree of congelation of mercnry, that is to say to more than 

— 4fP, has substantiated tbo following facts: First. In the Fopulua Jtal- 
samifera and Abie* alba, during eight months, from November, 185T, to 
June, 1858, at 9 o'clock in the morning, the moment at which he sup- 
posed the temperature to be very nearly a mean, the mean temperatures 
of the air and the tree were the same ; which accords with the observa- 
tions above spoken of, and is in conformity with the principle that the 
temperature of plants unceasingly tends to form an equilibrium with 
that of the ambient air, notwithstanding the efficient causes which are 
incessantly in action to increase or diminish it. Second. The monthly 
temperatures presented little difference in the tree and in the air, al- 
though there were very great differences in the maxima and minima ; 
in the month of January, for example, the maxima and minima were in 
the air +6°, {43° F.,) and — 34o.60, {— 29° F.,) and in the poplar 

— 20.20, (28° F.,) and — 29o.70, (—21° F.) Third. During the eight 
months of observation the mean temi>eratnre in the soil, at a depth of 
0".913 (3 feet) and 0°.609, (2 feet.) was twice as high as in the air. 

The thaw takes place ordinarily in May, spring at once commences, 
and soon after summer arrives ; the rapidity of vegetation is such that 
the cereals sown in the month just mentioned are reaped toward the 
end of July; blossoms appear on the poplar when the temperature of 
the air is at +13'^A7 (56° F.) and while Uie earth still freezes at a depth 
of O-'.GOS, (2 feet,) and 0".913, (3 feet) The leaves display themselves 
iu the first days of June, when the roots are buried in strata of earth 
where the temperature is still at zero, (32° F. ;) like effects are produced 
when the branches of the vine are introduced into a conservatory while 
the stalks and roots are in the ground outside; the buds and even leaves 
begin to be developed when it is f^^ezing externally at 8° and 10^ below 
zero, (18° and 14° above zero F.) We have here a new proof of the 
iuflaence of the temperature of the air upon that of trees, showing that, 
even when the roots are in frozen earth, vegetation may proceed under 
that influence. The Populus baUamifera and Abie» alba, as well as other 
species, undergo exposure to a cold of — 40°, without injury to their 
organization, but the roots of these trees are in strata of earth which 
are not sensibly reached by the frost. A proof that there is here a cer- 
tain resistance to cold is the fact that the greatest minima of temper- 
ature, being — 34°.60, {-— 29° F.) in the air, were, in the poplar, only 

— 290.70, ( — 21° F,) and that the temperature has been twice as high 
in the tree as in the air. 

After having stated the relations which have been found to exist 
between the temperature of the air and its variations, as compared with 
those of vegetables, it remains for us to show what temperature of the 
air has been realized above trees of large growth, such as a chestnut 
21'°.25 (70 feet) in height, at the summit of which had been placed one 
of the Bolderings of an electric thermometer in contact with the leaves. 
Multiplied observations have demonstrated that the temperature of the 
air above the chestnut tree depends chiefly on the calorific state of the 
leaves and branches which warm or cool the ambient air more or less, 
according as they have been exposed a longer or shorter time to sohu 
ladiation, or to uoctomal radiation. 
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A tree (trunk, braDcIies. and leaves) must, as has been said above, 
become warmer or cooler, like all bodies immersed in air, according as 
the snn is above or below the horizon. In the first case, it grows warm 
&om the effect of the solar radiation; in the second, it grows cool from 
that of the nocturnal radiation, and this process goes on nntil the tree 
acquires an equilibrium of temperature with the sarronnding medium. 
When nocturnal radiation commences, if the sky be without clouds, in 
proportion as the opi>er branches and leaves become cool, those which 
are underneath yield up their heat in succession to those above through 
the process of radiation. From this it will readily be conceived that 
tlie strata of air which envelop the tree retain during a great part of 
the night a temperature higher than that of the strata of air which are 
remote from It 

A ti'ee which has been warmed by the effect of solar radiation so Car 
acts as a body imimrting warmtli to the air, that, when a rain occurs 
suddenly, the temperature of the air is more lowered at some distance 
from the tree than immediately around its periphery. Of this we will 
cite an esemplificatioD. On the 9th of May, at one o'clock, after a strong 
insolation or free exposure to the sun's cays, the following temperatures 
were observed : 

Temperotnre above the chestnut tree 19°.4 (67° F.) 

Temperatnroataoertaiii distance 18°.3 (65= F.) 

Difference l°l (2° F.) 

Half an hour afterward, a rain fell, and the temperatures changed: 

Teuperatnre above the cheatnat tree 170.5 (64° P.) 

Teinpeiatare beymid it 15°.a (6<P F.) 

Difference a°.3 (4° F.) 

Thus, in the intrar^l of half an hoar, the air which snrronuded th€ 
tree had been cooled by only 1°.Q, {3° F.,) while that which was a little 
distant from it was cooled to the extent of 3o.l, (6° F.;) it follows 
that the tree had radiated heat so as to impart warmth to the ambient 
atmosphere. The sun having reappeared after some moments, the 
temperature at both stations rose, but somewhat less above the chest- 
nut tree than at a certain distance flrom it. These temperatures, at 3 
o'clock, were as follows: 

Above the tree SOO.8 (69= P.) 

At a certain distance 19^3 (67° P.) 

DiffeMnce log (8° F-) 

To give an idea of the warmth imparted to the air through the pres- 
ence of leaves, we will take, for an example, the temperature of the air in 
July, 1863, at 9 o'clock iu the morning, and at 3 and 9 o'clock in the 
evening; for the monthly mean the following results were obtained; 

At 9 o'clock in the morning 21°.56 (71° F.) 

At 3 o'clock in the evening 260.76 (80= F.^ 

At y o'clock in the evening 190.20 (67° F.) 

Here we see that the temperature of the air was at its maximum at 3 
o'clock, and that it had diminished by nearly a fourth at 9 in the even- 
ing. The radiation of the internal heat of the trunk and branches of 
the tree continued, on the other hand, to repair the losses sustained by 
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the leaves subjected to the iaSueace of the Doctunial radiation nutil 6 
o'clock in the morning, when tbe temperature was found to be the same 
at l^-SS (4 feet) above the soil to the north and south, at 16 metres (53 
feet) and at 21° ^5 (69 feet) on the summit of the tree. This is the 
period of the day when the celestial radiation has ceased to be prepon- 
derant, and when there is an equilihrinm between the effects of the ter- 
restrial radiation aud those of tbe celestial radiation. 
In July, 1804, the results obtained were: 

At 9 o'clock in the morning 81°.04 (70° F.) 

At 3 o'clock in tlie evening 250.94 (7H= F.) 

At 9 o'clock in the evening 19°.0O (76° F.) 

The progressive reduction again continued till 6 o'clock in the morn- 
ing, when the temperature was the same at l^-SS (4 feet) above the soil 
to the north and south, and also at 16 metres (53 feet) aiiove the soil, 
and was equal to 16o.50, (60° F.) If the months of January, 1863 and 
H84, be taken we have — 

1863. 1864. 

At 9 o'clock in the morning 40.57 (40° F.) — 0°.05 (31^^ P.) 

At 3 o'clock in the evening 7o.41 (45° F.) +3O.30 (38° F.) 

At 9 o'clock in the evening 5o.l3 (41° F.) (P.OO (32° P.) 

Ateo-clock inthemorninit 3°.19 [38°F.) — F.Oe <30^ F.) 

It is thus seen that, whether we take the trees with or without leaves, 
the heat acquired during the day diminishes tUl 6 o'clock in the morn- 
ing. 

We see now that it may be assumed as an ascertained fact that trees, 
exposed to the solar and celestial radiation, impart heat or cold to the 
contiguous strata of air, a property which had not previously been sus- 
pected; it was supposed, on the contrary, that the evaporation which 
takes place by means of the leaves was always a source of refrigeration ; 
this may ind^d exert an influence, but it is not the predominant cause. 
This question, however, will be resumed in another memoir. 

The experiments above spoken of were made on isolated trees, but 
the results have been tbe same on groups of trees sheltering one another, 
BO as to form an obstacle to the direct action of the sun; only the ele- 
vation of temperature in the trunk has been found to be less, all else 
being equal, than when the tree was isolated. In fact, forests, coppices, 
and groups of trees must observe the same laws as the single chestnut 
tree; but the effects of heat, of which we have been speaking, vary ac- 
cording to the height of the trees, the extent of their branches, and the 
mass of leaves with which they are charged. What consequences 
should he inferred in relation to the influence exerted by forests on 
the local climatel Tliis question we shall answer on another occasion. 
We shall content ourselves here with saying that it is necessary to 
have regard to the nature of the soil, as to whether it be dry or humid, 
to the greater or less facility with which the air circulates, to the ex- 
posure and other indeterminate causes which vary according to locali- 
ties. Bnt from the fact that the wood, under the influence of the solar 
radiation raises the temperature of the ambient atmosphere, and lowers 
it ander the effects of the nocturnal radiation, must we not infer that 
the stratum of air which has been heated gives rise during the night to 
a double current; an upper one of warm air and a lower one of cool air 
which descends toward the groundl It may be that the warm nir, 
being driven by lateral currents, has a tendency to ameliorate the tem- 
perature of surrounding parts. 

Under the tropica, and especially under the equator, where the solar 
raya act with the more force as they are less inclined, trees must pro> 
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dace ID a high degree tbe effects indicated above ; effects wtiich tbe 
neighboring strata of nir cannot fail to manifest. On tbe otber hand, 
the noctnmal radiation, which is very great under a sky almost without 
clouda, mnst act powerndly in hastening the refrigeration of the leaves. 

Tbe following fact is, to a certain point, referable to the heat which 
woods emit when they have been warmed by solar radiation. Every 
one knows that at noon of a hot summer day tbe air in dense woods is 
almost of a stifiing heat. It is usnal to attribnte this effect to the 
absence of cnirents of air, and that, to a certain extent, may be true; 
but a concnrrent caose of do little efBciency is the fact that, when tbe 
leaves and branches of trees have for some time been expc^ed to the 
calorific action of tbe snn's rays, they themselves become foci of heat. 

We have thas explained tbe sort of iofiucuce exerted by trees on the 
temperature of tbe air which snrrounda the trunk and braDcbea; yet we 
cannot confidently deduce the conclusion that the mean temperature of 
the place is further ameliorated by this state of things. To aid us in 
solving tills question, it is uecessary to consult the observations of tem- 
perature made in wooded and nnwooded places, situated under tbe same 
latitude, having the same geological conditions, and at the same height 
above tbe level of the sea. 

Jefferson, in a work translated (1786) by tbe Abb6 Morellet-, drew, 
from observations made at Williamsbui-g and Monticello, (Virginia,) the 
coDcIoaion that, since the clearing away of the forest, a verj- sensible 
change had taken place in the climate ; the beat, as well as the cold, 
had become less vehement than before, as was testified by persons of 
no very advanced age. The snows, he says, are less frcqnent and less 
abundant, often not remaining in tbe vaJleys more than two or three 
days, and very rarely a week, while, within tbe memory of tbe living, 
they are known to have been frequent, deep and durable. By old per- 
sons it is stated that the ground was covered with euow three months 
in tbe year, and that rivers, which now freeze very rarely, were nsuully 
conge£ded every winter. These assertions, it will be seen, are baaed on 
testimony against which we mnst be on our guard, for it may well be 
that years of extraordinary inclemency were taken for those of an 
average temperature. Let us turn to oDservationa which inspire more 
confidence, such as those discussed by U. Boussingault, and made by 
MM. Boussingault himself, Humboldt, Boulin, Rivero, &c, in localities 
comprised between the 11th degree of north latitude and the 5th degree 
of south latitude, whore tbe celestial radiation prevails, during the 
night, in all its force. 

The mean temperature, by reason of the slight variations in tbe 
course of the year, is immediately given by that which is presented by 
tbe earth, in the shade, at 3 decimetres (1 foot) below the surfhce. ON 
servations sbow that the temperature of the torrid zone varies from 
20O.5 {80° F.) to 280.4, (83° F.,) and that the abundance of forests and 
humidity tend to the refrigeration of tbe climate, while dryness and 
ari<lity pro<luce contrary effects. These effects have been observed at 
different heights on the Cordilleras, where we find the mean tempera- 
tures of temi>erate regions. It has been asked whether this is the case 
in localities wooded and denuded of wood, situated beyond tbe tropics, 
where the mean temperatures being the same, the means of summer and 
winter are different! No observation has yet ueen made as to this point. 

Observations subsequent to tbe preceding tend to show, on tlie con- 
trary, that disboscation on " "tb"* «cale does not sensibly change the 
mean temperatnre. Hum) >ted a great number of thermo- 

metric observations made >t8 of North Amei ' 
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to ascertain if the mean temperatare had nndergone changes after a cou- 
siderabie lapse of years. For about sixty-three years, from 1771 to 1834, 
he tellH us, thermometric ohservatioos had been maiutained at thirty- 
five military post^ so that we have far more exact ideas on the climate 
of N^orth America than existed in the times of Jefferson, Barton and 
Vohiey. 

These stations were distributed over a space of 40° of longitude and 
extended from the point of Florida and Thompson's Island, under 24'^ 
35' of latitude, to Council BluB^ on the Missouri. On discussing the 
observations commnnicated to him, Humboldt arrives at the following 
conclusions : 

These observations, he says, t«nd to demonstrate^ contrary to an 
opinion quite generally adopted, that, since the first establishment of 
Europeans in Pennsylvania and Virginia, the climate, on either side of 
the Alleghanies, has not, in consequence of the destruction of numbers 
of forests, become more uniform, more mild in winter and cool in sum- 
mer, than it was before; nevertheless, as Humboldt himself acknowl- 
edges, denudation ought to ameliorate the mean temperature by effect- 
ing the disappearance of three frigoriflc causes ; first, the protection of 
the ground from the solar radiation and the maintenance of a greater 
humidity; secondly, the production of aqueous transpiration by the 
leaves; thirdly, the multiplication by the expandeil branches of the 
surfEtces which are cooled tlirough the effect of nocturnal radiation. M. 
Boussinganltj as we have pre\iously seen, has arrived at contrary con- 
clusions, indicating that the abundance of forests and the humidity 
thence resulting tend to render the climate cooler, and that dryness or 
aridity produces an opposite effect 

It might be, however, that, the mean te'mperature remaining the same, 
the distribution of heat in the course of the year may be changed, and 
that thus the climate may have been modified ; but it will not sufSce to 
invoke the authority of documents relating to cultivation at the present 
time, for these documents will not bear a serious examination, as we 
have shown in our treatise on climates. 

Still, it is possible that a step in advance maybe made by taking into 
consideration observations which have thns far not received due atten- 
tion. The observations regarding temperature which we have made in 
the interior of single trees and at the periphery of their branches show, 
as has been already said, that trees are affected like all bodies exposed 
or unexposed to solar radiation; that is to say, that they are heated or 
chilled according to their absorbent, reflecting, and conducting powers. 
These observations evince, moreover, that their calorific state depends 
in great part on the solar action. What can we thence infer in relation 
to the influence of trees on the temperature of the air and the changes 
which that temperature undergoes as the effect of denudation T These 
changes result not only from the cause of which we have been speaking, 
but briber, we repeat, from the nature of the soil, according as it is d^ 
or humid, calcareous, sandy, or argiUaceous. Let us analyze the eftecta 
which may thus be produced. 

We will first consider a wooded soil : The trees, as has been just stated, . 
become heated or cool; but what results from this when the soil is dry 
and when it is hnmidt If (be former, it will be without influence ; if it 
is humid, the evaporation of water will maintain a constant humidity, 
the degree of which will depend on the temperature which the trees have 
acquired and which will be independent of that resulting from the exu- 
dation by the leaves. The humidity caused by treesj when other things 
ara eqn^, will be greater in wooded conutxies with an argillaceous 
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fonudation which retains the water, becaoBe the roots do oot pierce the 
Bubsoil or do so with difficulty, than ia sandy formations which &TDr 
the iiiflltratiou of water. In the latter case, the humidity proceeds 
solely from the transpiration of the leaves. 

What occurs when a country is cleared of its woods, supposing the 
soil either pervious or imper^'ious! The effects which result depend on 
the compositiou of the soil and on its ahaorbent, radiating, and condaet- 
ine i>owers. Of these an idea may be formed from the researches of 
Scunbler. Commencing with the calefaction of lands exposed to the 
Buu, the following are the relations which are found to exist between 
different soils : 



Designattoii of eartlu. 



Masinmin temperature of the ap- 
per Btratnin, the mean tem- 
perature of the air being lUO'^. 



SiUceooBsand, yellowieh gray - 
Calcareoua sand, whitish gray 

Pure gytianin 

Poor vvlWiah clay 

Pcrtilo clay 

White calcarcona curth 

Grayish-block humna 

Grayiah-block garden mold 



^^25 
37.38 
36.55 
36.75 
37.25 
38.63 
39.75 
37.50 



44.75 

44.no 

43.63 
44.12 

44.50 
4^60 
47.37 
49.25 



It will be seen that color aud hnmidity are the causes which exert the 
greatest influence. The differences of temperature due to these causes 
and that of the ambient air may, for the same soil, amonnt to 14° or 15°. 

If we pass to the capacity of retaining heat, it will be found that all 
else being equal, the siliceous and calcareous sands, compared in equal 
volumes with the different argillaceous earths, with Ume finely commi- ■ 
nuted, with bumus, with arable and garden earths, are the soils which 
conduct heat more imperfectly. This is the reason why sandy formations, 
in summer, preserve, even during the night, an elevated tomperaturo. 
We may conclude from this that when a sandy tract is cleared of wood 
the local temperature must be raised, and with the greater reason, ioaa- 
much as the cause of refrigeration exists no longer. After the sands come 
in succession argillaceous, arable and garden soils, and Anally hamns, 
which occupies the last rank. Kepresenting by 100° the capacity which 
calcareous sand possesses of retaining heat, the following are the ratios 
observed: 

Calcareous sand 100 

Siliceous sand 9a.G 

ArgiUaceoQB earth 68,4 

. Unnleu noil 64.1* 

Humus 49.0 

It has been further established that the capacity of retaining heat is 

Ciportional to the bulk of th*" '—'na. u jg ©q n^ig account that 
d covered with siliceous sto* \ mote slowly than siliceous 

sand, and that pebbly soils ar ^d for maturing the grape 

than chalky and argillaceous 1 ^ cool rapidly. From this 
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it appears how importaDt it is, in the examination of tlie c^oriflc effects 
resulting from disboscation, to liave reffard to the pliysical properties of 
the soil, when it is once denuded. Here i>robabIj- is to be Ibiind the 
reason why the couchisiona which Humboldt has drawn from the ther- 
mometric observations made at stations in North America, no attention 
having been paid to the nature of the soil of the denuded surface, are 
not the same with those at which M. Boussiaganlt has arrived by taking 
that condition into consideration. 

It has been competently proved, then, that the disboscation of a soil 
formed of a siliceous, pebbly sand, must raise the mean temperature of 
the air more than any other formation, at the same time that it causes 
the disappearance of a source of humidity; while, if the soil is argilla- 
ceous, whether drj- or humid, the capacity of warming the air and re- 
taining heat is, relatively to the former, in the ratio of 68.4 to 100. 
The calorific effect must be considerably less from the denudation of a 
dry formation. 

We see now in what manner we should consider the influence of disbos- 
cation on the temperature of the air. The effects, however, are so com- 
plex that we can only determine the resultant by the help of diurnal 
observations of temperature ; it is necessary besides to collate the max- 
imum and minimum temperatures, which play a very important part iti 
the constitution of climates, and to have regard to the nature of the soil. 
We shall resume this question on an early occasion. 

The following illustration is of a nature to give an idea of the infln- 
enee which forests may exert on the climate of a vast region. The 
presence of extensive forests in the tropical portions of the Alricau con- 
tinent, situated under the meridians of the western part of Europe, 
would probably modify the ascending current of warm air which at 
present results from the heating of a sandy surface, and which descends 
upon the middle latitudes of Europe. If, in the lapse of centuries, the 
sands of the Sahara should become covered with woods, these sands 
would not be heated to so high a degree as at the present epoch ; con- 
sequently the winds of the south, which now mollify our climate, hav- 
ing no longer so high a temperature, would render it more rigid. To be 
satisfied of this it is sufficient, to consider the state of things on the 
American continent, where the tropical regions are occupied by vast 
forests, immense savannas, or great water-courses; the descending cur- 
rents of warm air cannot moderate the climate of countries sitnated in 
the middle latitudes of North America as mnch as the warm currents 
coming from the Sahara mitigate the countries of the eastern conti- 
nent situated under the same latitudes. And here is precisely the rea- 
son why the western continent, under corresponding latitudes, is colder 
than ours, judging from the objects of culture and the course of the 
isothermal lines in each. 

Nor does it suffice to study the calorific influence of the extirpation of 
woods upon climate; it is further necessary to inquire into the actJoa 
which it exerts on the sources of streams, and the physical effects pro- 
duced in mountainous countries on a denuded soil, as well as those re- 
sulting from such denudation in argillaceous and humid formations. 
Another observation we will make, as not being without some import- 
ance: It has been previously seen that a tree becomes warm or cool 
like an unorganized body, and that in proportion as the leaves are cooled 
at night by the effects of the nocturnal radiation, the loss of heat is 
repaired by a radiation transmitted by the tmnk and branches; this 
state of things, which has not been hitherto noticed by physicists^ hin- 
ders the air from being chilled as much as if the calorific radiation ol' 
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the trees had not taken place. The inflaence of woods in cooling the 
air is not as great, therefore, as has been supjMised. The state of the 
soil, moreover, singularly modifies that influence. 



The effects of disboscation on the sources and quantities of living 
water which irrigate a country are of most itdportant consideratioa, and , 
hence require serious atteation. The difHctilty in verifying these effects 
is the greater inasmach as it is Impossible to say, a priori, whether a 
forest or portion of a forest, destined to be cleared away, contributes to 
supply such or such a source, such or such a river. Springs are owing, 
in general, to the infiltrations of rain-water in a pervious formation, 
through which this water sinks until it meets with an impervious stra- 
tum, flowing over the latter when it is in an inclined position, and event- 
ually rising in streams or fountains. The water of wells has the same 
origin. Large springs are ordinarily found in mountainous regions. 

Forests also contribute to the formation of springs, not only by reason 
of the humidity which they produce, and the obstacles which they op- 
pose to the evaporation of the water which falls on the surface, but fur- 
ther because of the roots of the trees, which, by dividing the soil, render 
it more pervious and thus facilitate infiltration. A great number of 
illustrative examples have been cited, but we shall here adduce only a 
few which may be regarded as among the most remarkable, 

Strabo informs us that it was necessary to take great precautions to 
prevent the country of Babylonia from being submerged. The Eo- 
pbrates, which begins to swell, he tells us, at the close of spring, when the 
snows melt on the mountains of Armenia, overflows at the hegitiningof 
summer, and would necessarily form vast accumulations of water on the 
cultivated lands were not the superflux turned aside by means of trenches 
and canals. This state of things exists no longer. M. Oppert, who 
some years ago traveled through Babylonia, reports that the volume of 
water conveyed by the Euphrates is much less than in past ages, that 
inuudations no longer occur, that the canals are dry, the marshes ex- 
hausted by the great heats of summer, and that the country has ceased 
to be insalubrious. This retreat of the waters can only be attributed, 
as he found means to satisfy himself, to the clearing away of the forests 
on the mountains of Armenia. 

The effects iu question, though denied by some, are not the less in- 
contcstible, as is shown by examples which 1 proceed to report and 
which rest upon observations worthy of entire confidence. 

De Saussure ( Voyage dans lea Alpe», t. ii, ch. 16) long ago pointed out 
the diminution of water in the lakes of Switzerland, especially in Lakes 
Morat, Neufch&tel, and Bienne, as a consequence of the clearing away 
of the foresta. Ohoiseul Gouffier was not able to distinguish in the Troad 
the River Scamander, which was still navigable in the time of Pliny. 
Its bed is now entirely dry ; but the cedars also, which covered Mount 
Ida^ whence it took its source, as well as the Siniois, exist no longer. 

M. Bonssingault, (Annates de Ghimie et de Physique, t. xiv, p. 113,) 
who studied this subject during his sojourn in Bolivia, selected as the 
subject of his observations the lakes situated in the plains or on differ- 
ent steps of the mountains. The valley of Aragna, province of Vene- 
zuela, situated at a short distance from the coast, has a very favorable 
climate, and is of great fertility. It is closed in on every side, the rivers 
which traverse it having no issue toward the ocean ; by their onion 
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they form the Lake of Tacariguaor Talenciaoa, which, at tbc time when 
Humboldt saw it, had been nadergoing for some thirty years a gradual • 
desiccatioDj the canae of which was uoknowt). Oviedo, the historian f^f 
Yenezaela in the sixteenth centnry, relates that the city of Nueva Va 
lencia was founded in 1555, at the distance of half a league from the 
Lake of Tacarigua, Anm which, when Homboldt was there in 180(1, it 
was distant 2,700 toises, (3^ miles,) a proof of the retreat of the waters 
confirmed by a Dumber of facts. According to the celebrated traveler 
just named, the diminution of the waters was directly attributable to 
the clearing away of numerous forests. 

In 1822, M. Boussinganit learned of the inhabitants that the waters 
of the lake had exhibited a very sensible elevation; lands which were 
before cultivated were then submerged. It is to be not«d that, for the 
t«rm of twenty-two years previous, the valley had been the theater of 
bloody contests during the war of independence ; the population had 
been decimated, the lands had remained nntilled, and the forests, which 
grow with prodigious rapidity under the tropics, had eventually occu- 
pietl a great part of the country. We see here the induence of woods 
on the quantity of water which flows or settles in a country, since lakes 
which had been exhausted hy the removal of forests were again replen- 
ished by their restoration. 

M. Boussingault cites several examples which lead to the same eon- 
clusiott in regard to the influence exerted by great masses of wood on 
the living waters of a country. We shall quot« two of the most remark- 
able. In 1826, the metalliferous mountains of Marmato presented only 
some miserable cabins inhabited hy negro slaves. In 1830, this state 
of things no longer existed ; there were numerous work-shops and a 
population of 3,000 inhabitants. It had been found necessary to level 
much wood ; the denudation had proceeded but for two years, and already 
a diminution was perceptible in the volume of wat«r available for the 
labor of the machines. Yet a pluviometer proved to M. Boussingault 
that the quantity of water which had fallen in the second year was 
greater than that which fell during the flrst. This fact tends to show that 
disboscation may diminish and occasion the disappearance of sources, 
though, from that circumstance, no inference is warranted of the full of 
a less quantity of rain. The second example is derived from the table- 
lands of New Grenada, at an elevation of from 2,000 to 3,000 metres, 
(6,500 to 0,800 feet,) where there is a temperature during the whole 
year of 14° to 16°, (57° to 610F.) The inhabitants of the village of 
Dubat^S, situated near two lakes, which were united sixty years ago, 
have witnessed the gradual subsidence of the waters, insomuch that 
lands which, thirty years since, were under water are now subject to 
culture. The examination of local conditions and other investigations 
made by M. Boussingaidt, convinced him that this change was due to 
the disappearance of numerous forests which have been cut down. At 
the same time other lakes, such as that of Tota, at a short distance from 
Fuquen^, situated in localities where the wowls have been undisturbed, 
have undergone no diminution of their waters. M. Desbassyres de 
Bichemont has also discovered that there exists in the Island of Ascen- 
sion, at the foot of a mountain, a fine water source, which became dry 
in consequence of the denudation of the neighboring heights, but has 
been restored since the forest was again allowed to grow. 

To complete the documents which may ser^-e for the elucidation of 
this question, there are still some important observatioDS to l>e brought 
forward. M. Berghaus {Court ^Affrieulture de M. de Qatparin, t. ii, p. 
116) finds that the volume of water in the Oder and the Elbe undeiwent 
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dimiDatioD, from 1778 to IS35 in the first of theae rivers, and from 1828 
to 133C itt the second, and that this dicniaution was so sensible that, 
shouUI it proceed at the same rate, it would be necessary at the lapse 
of a cer^in period to change the construction of boats; here, however, 
statistical observations evince that this fact cannot be attributed to the 
extermination of the forests of the mountains. In order to explain it, 
inquiry has been made whether the quantity of rain falling in the different 
parts of Europe has not undergone a corresponding diminution, but the 
hypothesis has not been sustained. In fact, since 1(>89, during which 
inter\-al the quantity of rain falling at Paris has been observed, a slight 
augmentation, rather than any diminution, has been verified. Cesaris 
has recognized the same increase for the city of Milan from 1763 to the 
present e[)och; and a similar result appears, in regard to Eochelle and 
the basin of the Rhone. The supposition of a diminution of rain being 
hence untenable, it has been surmised that possibly the uumlwr of rain- 
falls may have changed, a conjecture founded on the generally admitted 
fact that a great rain furnishes more water to the river courses than the 
same quantity distributed over several days with intervals of dryness. 
Bat the discassion of the observations has afforded no confirmation of 
tliis view. It has been found necessary to fall back upon the changes 
produced in climates by the progress of cultivation. 

It may happen, as has sometimes been the case, that concussions of 
the earth dry up the sources of streams, but this is not common. A 
great number of facts demonstrate, on the other hand, that the dimina- 
tiou is often an almost immediate sequence of extensive clearings. We 
would point especially to the instance already cited of the water-courses 
of Marniato. Kor are there other examples undeserving of a passing 
reference. The Romans were able to bring to Orleans the waters of the 
fountain of Etnv^e, which at the present time is entirely dried up. Ex- 
tensive excavations, made within a few years, have brought to light the 
foundations of Soman constructions where no source of water any longer 
exists; a stream, moreover, to the east of Orleans, which contribute 
to the defense of the city during the siege in 1428, and which was con- 
siderable enough to turn mills, has completely disappeared. Now, on 
that side of Orleans there were great forests, which have been cleared 
away. In consequence of these clearings the wells of the city have 
continued to yield less and less water, so that the municipal adminis- 
tration has been obliged, within a few years, to incur an expense of 
300,000 francs ($60,000) in order to bring potable water i^m the source 
of the Loiret. 

In the canton of Chiitillon-snr-Loing there is a commune called Sainte- 
Geneviive-des-Bois, which would appear to have been once a tract of 
forest, but which presents tonlay only small groves scattered here and 
there. A stream formerly flowed at the foot of the town where at pres- 
ent exists only its dried bed, never containing water except in wiitter. 

In discussiug the important question of the influence of disboscation 
on water-courses, we arrive at the following conclusions: 1. Extensive 
clearings diminish the quantity of spring or flowing water in a country; 
2. It cannot yet be determined whether that diminntion should be attrib- 
uted to the less considerable quantity of rain which falls, or to a greater 
evaporation of the pluvial snpply, or to both causes imited, or to some 
new distribution of the water ilerived from rains; 3. The cultivatiou 
practiced in nn arid and denuded country dissipates a part of the flowing 
waters; 4. In conntries which hare undergone no changes in cultivation 
the quantity of water in streams or itom sources appears to be always 
the same; 5. Forests, while preserving such waters, ecouomi2e and reg- 
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alate their discbarge; 6. The humidity which prevails in woods and the 
fanction of the roots iu making the soil more pen-ious, should be taken 
into consideration ; 7. The clearing away of forests in mountainous coun- 
tries exercises an influence on the streams and springs in the lowlands, 
especially in the latter ; 8. Hence the action of forests apou climate is of 
a highly complex nature. 

With the means of securing salubrity now at our disposal, there is no 
occasion for apprehending unhealthy swamps as the result of the extir- 
pation of forests^ Nor need it be inferred that the denudation of a 
country entaUs sterility. As examples, England and Spain may be 
cited, which present, the one only 2 per 100 of wooded surtiice, the other 
3.17 Iter 100. The former has a marine climate, marked by the frequent 
prevalence of southwest winds charged with vapor to the point of satu- 
ration, which produces fogs on the least lowering of the temperature. 
Spain has not a similar climat«, but its most fertile parts are those 
watered by largo rivers, while the great table-lands are absolute deserts. 

From what has been said the question presents itself whether the ex- 
tirpation of a great forest in the vicinity of a fertile plain possessing 
only springs of water, might not give reason to fear the desiccation of 
these springs in whole or in part and the consequent impoverishment of 
the country 1 The denudation of an arenaceous countrj- may lead to the 
desolation of the neighboring plains through the incursions of the sand, 
as may easily be conceived from the explanation given by M, Chevreul 
of the formation of downs in the Landes of Gascony; the sand is here 
driven by the winds until it encoanters an obstacle, when a barrigr is 
formed which arrests the discharge of the waters; these moisten the 
base of the heap, and by capillary action cause the particles of sand to 
cohere and become fixed to the soil; the winds remove only, the upper 
part, which, being carried forward, continues to form new downs until 
the plain in the end is wholly overwhelmed with sand. 

A forest, interposed in the passage of a current of hnmid air charged 
vith hurtful miasms, sometimes preserves from their influence any tract 
which is thus aheltere<1 ; while uncovered regions, as is exemplifle<1 in the 
Pontine marshes, are exposed to the baleful iofluence. Trees, therefore, 
tend to purify an infected air by absorbing or obstructing its pestilential 
constituents. Still another kind of action is exercised upon climate by 
the presence of forests: the trees of lofty growth which comiwse them 
withdraw electricity from the clouds, and thus to some extent neutralize 
the disastrous effects of storms. 

The restoration of forests upon the mountains is an operation of prime 
necessity for the preservation of the latter; its advantages result: Ist, 
from the iucreased facUity with which the rain-waters penetrate into the 
soil and even the subsoil, being traversed by roots which promote infil- 
tration; 2d, from the effects produced by the resistance which forests 
oppose to the passage of masses of air saturated with vapors in motion, 
which promptly descend in rain on being forced upwards and compressed 
by the obstacle; 3d, from the humidity which generally prevails in the 
interior and in the vicinity of woods and which gives place to a precipi- 
tarion of dew when the temperature of the air is lowered. 

Of the transformation of lands from which the forest has been re- 
moved into marshes, some striking examples may be cited, and those 
not in Asia Minor, of which mention has been ma<le elsewhere, but in 
France itself. It is to be observed that when trees are cut down, the 
roots of course die and the soil becomes more compact. La Brenne, 
situated between the Indre and the Creuse, presents a circular surface, 
of more than 200 kilometres (12u miles) in circumference, or nearly 80,000- 
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hectares, (197,680 acres.) The soil of this conntry, which is srgilo-sili' 
ceous, rests on a aubstratam of impenetrable clay which resists the infil- 
tration of water; it ia thickly covered with pools, to which are attributed 
theintermittcntfeveraprevalentthroiighoutthe district. Tenor twelve 
centuriea a^^o it was occupied by forests interspersed with meadows, 
watered by running streams and fountains, and there existed then neither 
pools nor awamps; on the contrary, it was renowned for the fertility of 
its pnstnres and the amenity of its climate. The disappe^vnce of the 
foresta wa^ succeeded by collecttoDS of stagnant water which took pos- 
session of the now unproductive and worthless soil, and this to such an 
extent that in 1714, the tract of Bonchat-en-Brenne alone counted no 
less than one hundred and nine of them. (Piganiol dc la Force, Descrip- 
tion de la FraTice.) A like state of things appears in Sologne, which rep- 
resents a surface of 450,000 hectares, (1,112,000 acres,) and which has 
become proverbial for its insalubrity. The deplorable condition in which 
we see it did not always exist. Historical documents show that a great 
part of this country was of old clothed with woods. Their extirpation 
has been succeeded by atxamulations of water, fens, and the attendant 
maladies. At the present day the removal of the forest need not involve 
so calamitous a consequence, for modern ingenuity- has placed at oar 
disposal the means of restoring salubrity and fertility to swamps and 
moor-lands of even long standing. 

The effects produced in monntains cletu'ly evince the action of roots 
in iifomotiug the inflltratiou of rain-water and the alimentation of 
sources. In a mountainous conntry the extirpation of forests promptly 
leads to the formation of torrents. Of this the Alps furnish numerous 
examples. When, in fact, vegetation is left to develop itself freely on 
the sides of mountains covered with the detritus of rocks from the sum- 
mit, dense foresta of spruce and larch quickly occupy their fianka, ami 
the interlacing roots form a net- work which binds and protects the soil. 
If clearings are inconsiderately made in the direction of the slopes the 
waters follow the courae of the openinga, and, carrying with them the 
vegetable deposit, rapidly excavate thrrows. These furrows extend with 
time, and end by forming torrents. Kothing of this sort occurs where 
the woods have not been felled. All the eastern part of the department 
of the Hautes-Alpes presents numerous results of this kind. 

We thus see that the presence of a forest on a surface of steep inclin- 
ation counteracts the formation of torrents, while disboscation exposes 
the soil to their ravages. This efTect it is easy to explain when the soil 
is once occupied by vegetation, first by the humbler plants, then by 
trees whose roots, forming a sort of feltiug, give consistence to the 
ground at the same time that the branches and leaves break the force of 
heavy rains. The trunks, the off-shoots, the brush-wood, multiply ob- 
stacles in the way of the currents which would otherwise furrow the 
earth. The effect of vegetation, therefore, is to give more stability to 
the soil and to distribute the waters over its whole sor&ce, so as to pre- 
vent their following the drains iu a mass, as would be the case if the 
earth were denuded. The soil, being divided by the roots and covered with 
a porous humus, absorbs a part of the waters which cease to flow down 
the slopes and are conveyed by percolation to the low grounds, wh«« 
they serve to feed streams and fountains. Such are the benefits result! 
from the presence of forests on mountains and inclined surfhces e 
to tonential rains. 
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ON METEORITES. 



[ Ihimlated/nnn the Oerman for the Smithionian /itttilultoH.] 

• • • As furniabing the fluest exempliflcationsof the Widmannstiiten 
figures, as well as the purest aud rarest kinds of 8iderit«8, may be cited 
the meteorite of Braunaii, the meteorite of SecliUgen, the Putnam 
meteorite of Georgia, and the Dorfiinger meteorite found here in Wis- 
coDSiu. According to the classification made by Professor Shepant, the 
last belongs to the order of the tauiastic sideritcs, (ribbon siderites.) 
liesides this specimen, there has Iweu adduced by Professor Shcpard 
only one example of the order in question, which was found, in 1801, at 
the Cape of Good Hope. 

In a report which, in the beginning of September, 1868, I had tbe 
honor, at the instance of the Wisconsin Society of Natural History, to 
lay before it, respecting the iron meteorite found in that State, and which 
contained the results of an exploration of the locality where the meteorite 
was found, conducted by Mr. C. Ddrflinger and myself, it was stated that, 
ID July, 1808, there was presented to the museum of the society, by its- 
secretary, Mr. Dorflinger, a piece of iron of sixteen pounds weight, 
which had been found in Washington County, Wisconsin, by parties 
eugaged in cultivating a farm. This piece, upon scientific inreatiga- 
tioD of its physical properties by Mr. Dorfliuger, proved to bo genuine 
meteoric u-ou. The surfaces ground and polished with a view to its 
examination, when treated with nitric acid, exhibited Widmannstiiten 
figures of the greatest beauty and distinctneaa. A qnalitative chemical 
aualysis, conducted by the director of the mineralogical section of the 
society, Dr. G. Bode, confirmed the discovery. Tbe place where the 
mass of meteoric iron was found is in section 33, Washington County, 
Wisconsin, on a small farm belonging to a farmer named Louis Korb. 
In the fall of 1858, Korb, in working his farm, struck with his plow 
against some hard object, which lay about ten inches under the earth. 
The supposed stone proved to be a mass of metallic iron of aixty-two 
pounds weight. The representation of this mass, as regards both it« 
magnitude and form, lies before the society in the drawing executed 
by Mr. Dorflinger, at the place of discovery. 

In the years immediately following that last mentioned, Korb fonnd 
similar bnt smaller pieces of meteoric iron to the number of four, as I 
am informed, within a circuit of &om two to three rods from the place 
where the first and larger mass was lying. One of these pieces is the 
iron meteorite of sixteen pounds weight presented by Sir. Ddrflinger to 
the society. A second piece I procured, in conjunction with Mr. Ddrfiio- 
ger, at Cedarburg, where it had been kept uutil then. This weighs 
seven and three-quarter pounds. A third piece we obtained from the 
printing office at West Bend, where it had been for several years, but 
27 b .t,K>t^lC 
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without the least recognition of the natureof tlie mineral by anyone either 
tUere or at Cedarbnrg. A fonrth piece should have lieen at the Korb 
farm-bouse, but is not now to be found. The mass of Bixty-two pounds 
weight has, for a short time past, been in the cabinet of natural history 
of I. A. Lapham, who succeeded in purchasing it. 

The place where these meteorites were found, and its environs for a 
mile in circumference, form a hilly tract quite tbickly covered by forest 
trees. The soil of this hilly district is a calcareous or argillaceous loam. 
Everywhere in the region are to be found fragmentary angular stoues, 
often several feet in diameter, and also round and smooth ones, all of 
the oldest formation, which come from the so-called azoic rocks iu the 
north of Wisconsin, and which are interspersed in the quaternary dilo- 
vtuio. This last forms a calcareous belt, thirty-six miles wide, along the 
shore of Lalte Michigan to Oreen Bay, and is regarded as belonging to 
the Niagara and Clinton limestone formation. 

These drift rocks (TrUmmergeateitie) often cause the cultivator great 
labor in roclainiing the land. It is customary to see largo pyramids of 
stones heaped up in the fields, which the farmer has dragged together, 
with no little trouble, before he can till the soil. This is the case at 
Kerb's farm to a very extraordinary degi-ee. To the quartzose and 
granitic rocks strewed over this region, at an earlier time, and lying 
uncovered or close under the soil, it is probably to be ascribed the fact 
that the masses of meteoric iron which have been found had not to be 
withdrawn through any very deep excavations of the ground. 

As Korb, and probably many others of the vicinage, had been led by 
the finding of these ii-on meteorites to conjecture the existence of rich 
treasures of iron ore within the earth, I sought the more strenuously to 
remove the disbelief in the cosmical origin of the bodies in question, 
especially as that origin had not at the time received the incontestable 
confirmation of chemical analysis. 

Close to Kerb's farm lies another on which is found, in the midst of 
a wood, a small and very deep pond iu the moor land. Kear to it is a - 
ferruginous spring. Ou closer observation I found that this was nothing 
more than water flowing from the moors, aud soon becoming stag- 
nant through an overgrowth of decaying plants — shownig a slight im- 
pregnation of iron — less even than much of the water drunk at Mil- 
waukee. Only a few hundred steps from this, also in the forcRt, is a 
rather large and very deep pond, surrounded by a quaking and scarcely 
])a83ablc lK)g, some four hundred feet long and two hundred wide. The 
pond is called Burns's Lake. The whole scenery makes a dreary and 
uncomfortable impression on the mind. I have generally failed to find 
hereabouts miuends containing iron, though Iron Ridge stretches ftom 
Dodge Coauty almost to the borders of Washington County. 

According to Dr. G. Bode's report, submitted to the Wisconsin Society 
of Natural History-, he has taken the samples for the careful chemical 
analysis whicli he has executed from the piece weigliing sixteen ponnds. 
This piece is externally covered witli a brown, almost polished coat of 
oxide of iron, imparting but slight coloration ; within, it is nearly of the 
whiteness of silver; it is very soft, but of great toughness. The so- 
called Widmannstateu figures, characteristic of meteoric iron, admit of 
being produced with great distinctness. 

The specific weight of the mass amounts to 7.3272. One hundred 
parts contain, of iron, 89.22 per cent.; of nickle, 10.79 per cent.; of 
phosphorus, 0.69 per cent, and a trace of cobalt. 

The composition of all meteoric iron masses, thus far examined, is 
very similar. Of nine different analyses, known to him, Dr. Bode states 
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tlie average contents in uickle at 10.30 per cent. The relative quantity 
of phosphorus is, in nearly all, higher than the above. On the other 
hand, most of the iron-meteorites contain traces of other snbstances 
mentioned before. 

From the absence of other constituents, the meteoric iron discovered 
iu Wisconsin is the purest which has been hitherto found; it is distin- 
guished for its beau^, and only one other meteoric iron mass now known 
^ares in an equal degree the characteristic of its species. 
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REMARKABLE FORMS OF HAILSTONES RECENTLY OBSERVED 
IN GEORGIA. 



I take this opportunity of giving you a preliminary notice of two baii- 
Btorms, of both of which I was fortunate enough to be a witness. The 
phenomena were of bo uunsual a character that they are weil worthy of 
a full and precise account. 

They took place within fourteen days of each other; the first on the 
27th May last, at 3 p. m., the second on the 9th June, at 6 p. m. The 
localities were not far asunder, being both in the neighborhood of Tidis, 
near Beloi Kliutsch. The morphological chara<;ters of the hailstones, 
which were very large, as much as sixty or seventy millimetres (2^ inches) 
in diameter, were an remarkable as they were dissimilar. On the first 
occasion they were oblate spheroids, resembling Mandarin oranges, while 
their structure seemed almost organic. On the second there was a fall 
of actual ice crystals, an occurrence which baa nerer before been noticed, 
at least as far as I could discover from the literature within my reach. 
The stones were not mere lumps, exhibiting indistinct crystalUne forms, 
but spheroidal bodies of definite crysCallioe structure, overgrown along 
the plane of the major axis by a scries of clear crystals exhibiting vari- 
ons combinations belonging to the liuxngonal system. The commonest 
forms were those which occur in calcite and specular iron. Of the for- 
mer type, by far tbe most abundant were combinations of the scalen- 
ohedron, with rhombohedral faces ; crystals of fifteen to twenty millime- 
tres (1 inch) in height, and corresitonding thickness, prettily grouped with 
combmatious of the prism and obtuse rhombohedra. The terminal plane 
was also occasionally noticeable. Some which fell at the beginning of 
the storm were flat, tabular, crystalline masses, thirty to forty millime- 
tres (1 j inch) in diameter, resembling the so-called " eisen-rose," which 
occurs at St. Gotthardt. 

The 8l»nes, when picked up quite fresh, showed sharp edges, with 
faces which were for the most part slightly curved like those of diamond; 
however, those which I took to belong to tbe scalenohedron were per- 
fectly plane. 

I was in tbe open air when each of the storms began, and was able to 
gain shelter before I received any injury. This was fortunate, for tbe 
damage done, even to large trees, was very serious. 

I reached home in a quarter of an hour, and found a pail full of the 
largest stones, which had been collected as soon as the first fright had 
passed over. My house was not much damaged. I sat down at once 
and drew tea of these remarkable forms, which bad scarcely undergone 
any alteration. 

I have often thought over our conversations about bail, and I see that 
if I now applied all the theories which have ever been broached to the 
facts which have come under my own notice, not a single one of them 
will give me any light toward their explanation. I would ask how snch 
a regular growth of crj-stallinc masses, reminding uq in their character 

,, I A.OtWIC 
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of tlio drnsy crystals of calcite from Andreaslierg, can be reconciled 
■with tbe violent atmospheric cotnoiotioQ which we suppose to accom- 
pany the formation of hail. We say in naturd nihil fit per salius, and I 
believe it. The growing crystalline mass must have been saspended 
for a long time in a very cold stratum of aqueous vapor before it reached 
the earth. 

|The two subjoined cuts are copied as closely as possible from tbe 
ongioal drawings.] 

^ I would only add, by 

way of a bint, to explain 
what cannot be shown by 
such imperfect drawings, 
1 that where the tiat sphe- 
' roidal forms, resembling 
specular iron, in the cen- 
ter of the drawing, exhibit 
shading, the crystals were 
not always opaque. The 
ring surrounding the nu- 
cleus had a milky appear- 
ance, owing to small air 
bubbles, as had the nu- 
cleus itself iu most instan- 
ces. Manyof them, bow- 
ever, had a clear nucleus. 
This could easily be seen 
next morning, when the 
stones had all melted 
down to cakes of about an 
inch in diameter, occa- 
sionally taking the shape 
of a regular hexagon. 
. The milky ring round the 
f central point was clearly 
distinguishable as a sort 
of fibrous web composed 
of the finest air cavities 
traversed by threadlike 
pores. Insomecasesthere 

Actoiil icprMfntMlon* (nf tho imtnml sImI of tiro of Ibo hoil- ~.„q nfi riiirr nnrl thp ni). 
rurnf iThich f.^11 in Gwirpia on the Mb Juno, 1869, irit-a at ^•'^ "" '^^"Si ".I" ''"*^ ""' 

iho limo by siiuitsraib Abiih. cleus was somi-opaqne- 

The shading rouud the border of the large circle is only intended to 
mark the smooth spheroidal form of the central mass. The actual 
crj-stals were attached parasitically to ita edge, or else iiiserteil in n 
sort of socket, as I found when the stones thawed down. (See a. Fig. 
1-) 

All the stones cootaiaed fine air pores, pear-shaped or worm-like, 
running from the center to the circumference. Tbe drawings are as 
near as possible natural size. 
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ERUPTIOS OF THE VOLCANO OF COLIMA IN JUNE, 1869. 



Communicated by Dr. Ciurles Sartoeucs. 



To the northwest of the town of Coliina rise, above lower moDntains, 
two lofty volcatiio peaks, the more easterly, capped with suow, l>eiiig 
3,790 metres (12,434 feet) iu height, the more westerly, with a couspieu- 
ouscrater, 3,o80 metres, (11,745 i'eet) The iattcrhad an eruption in the 
year 1818, bat liad mncc remainetl in repose, though thin clouds of 
smoke often aseeu(Ie<l fi:oui it^ summit. 

On the 12th June, ISCO, a dense smoke issued from the crater and at 
night a bright light was visible at its mouth; detonations like the dis- 
charge of distant artillerj' were heard, but no concussion of the earth 
took place. On tlio IStli there was observed fi-om the hacienda (farm) of 
San Marcos, four leagues distant from the volcano, on its northeast side, 
at the foot of the steep cone, a glowing heaving (AnschwcUung) of the 
surface, which continued to increase, and displayed intensely luminous 
clefts, from which were ejected smoke and red-hot stones, extending in 
the direction of the snowy peak above mentioned. 

The civil engineer, Uicardo Orosco, ascended the volcano on the 15th 
of June, accompanied by two servants and a guide. At C o'clock in the 
morning he left San Marco's, and reached at 12 o'clock a plain at the 
foot ef the steep cone, where he left the horses. A heavy storm was 
prevailing, the temperature of the air being IIP Reaumur, (55^ F.) On 
a second snmll plain upon the northeast side of the mountain was the 
new upheaval, which ascended to the scarp of the cone and stretched 
in the direction of the snowy peak, the latter being 4,500 metres (:ij 
wiles) distant. The upheaval in question seemed to be some 35 metres 
(114 teet) high and 230 metres (754 feet) broad, forming a flattened arch. 
The appearance was that of a wild mass of volciiuie, red-hot rocks 
heaped one upon another and eoustantiy in motion, not uidike freshly 
burnt lime when sprinkled with water. The rocks which rolled down 
were, on cooling, of a gniy color. A piece broken off rang like glass 
iind was vitreous and i)orous. In the middle of the upheaved mass the 
movement was strongest; there large clefts and inteuse light were dis- 
played, while engulfed stones, wliich were swallowed up in great masses, 
were followetl by a noise as of violent wind and by clouds of smoke, 
sometimes blue, sometimes yellow. The temperature of the air in the 
vicinity was 42° K., (126° F.) The stones iu the midst of the heaving 
mass seemed to bo softened, though not melted, and no flow of lava 
took place. Orosco ascended the cone in onler to observe the phenome- 
non from above. This cone is very steep, and consists of sand and vol- 
canic rubble. The temperature on the summit, which was reached at 
2 o'clock p. m., was found to he 4° U., (41° F.) From hence the whole 
of the new upheaval could bo surveyed. In the middle of it the most 
vehement movement was in jirogress, attended by the constant upheav- 
ing and descent of rocky masses, fire, and blue aud yellow columns of 
smoke. 

The upper (ancient) crater has a diameter of 150 metres, -M92fiKt,) 
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descends in a cone-like form, and shows aroand its circomference nini>.v 
fiasurea and rifts. From tbe center and ^alls arose a dense snlpbnroiis 
vapor. Tbe gases from tlie new theater of eruption bad a smell like 
tbat of bnruiiig stone-coal. 

The descent was very toilsome on accoont of tbe rolling; stones. At 
3.30 p. m. tbe horses were reached, and at 9.30 the hacienda of San 
Marcos, where many were waiting to learn tbe resalt of the expedition. 
Tbe report of Orosco was, tbat the district was threatened with no dan- 
ger, as no lava was issuing, and the fissures being open gave no reason 
to fear any explosion from the tension of confined vajioi-s. Later ex- 
plorers of the volcano tbund a fissure from the new upheaval to the up- 
per peak, one to tbr«e feet wide aud about three teet in depth, but 
neither heat nor vapor issuing from it. The hitcst reports inform us 
that the same phenomena in general continue to present themselves, but 
tbat such volumes of fetid gases issue from the fissure, that the iuhnlii- 
tants of the district were forced to leave their abo<]cs. Cows and 
slieep were killed thereby, so that it was foimd necessary to drive away 
the herds from the neighborhood of the volcano. 
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